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Maps as Instruments of Propaganda 
By LOUIS B. THOMAS 


CARTOGRAPHER 


Ye. racial groups, political parties, and smaller social groups are try- 

ing to exploit the contemporary formative period by molding world opinion 
to conform with the objectives they identify with their own, if not the world’s 
best interests. 

Persons or groups striving to influence world opinion now have at their dis- 
posal a wide variety of approaches. Important among these is the visual ap- 
proach, involving the use of such devices as maps, graphs, pictures, and other aids 
which enable a reader to see at a glance what words and figures can convey only 
through much greater mental effort. 

Where it is necessary to explain a concept dealing with areal relationships, a 
map is practically essential if the message is to be made lucid and appealing. 
This gives to maps a uniquely important place among the many devices which 
lend themselves to use as instruments of propaganda. 


PROPAGANDA 


The word ‘‘propaganda’’ once implied any deliberate effort to direct the 
opinion of groups or individuals toward a specific attitude. By this broad defi- 
nition, any persuasive activity could be considered propaganda whether it was 
commercial advertising, vote soliciting, or an elaborate campaign conducted by an 
international pressure group. Since the first World War, popular usage has 
added connotations to ‘‘propaganda’’ which have altered its scope. There has 
been a tendency to apply the word only to large-scale, nation-wide, or international 
persuasive efforts related to the social, political, and economic fields. It has become 
common to picture ‘‘propaganda’’ as being hidden or disguised as regards its 
source and ultimate objectives, and there are those who think of the word as deal- 
ing only with false or deliberately misleading information. In terms of ‘‘reflex’’ 
emotional reactions, many Americans regard propaganda as a ‘‘bad’’ word to be 
applied only to the activities of those who oppose their interests. 

The newer definition may partially clarify the public’s reaction to the word 
but in examining maps as propaganda instruments, it is desirable to adhere to 
the older, broader, meaning and recognize as propaganda all maps used in all 
types of persuasive campaigns even where persuasion is not in itself the main 
reason for preparing the map. 


PROPAGANDA MAPS 


Nearly all international problems, and particularly problems dealing with 
specific boundaries, eventually require maps to illustrate their complexities. In- 
ternational organizations, national governments, racial groups, private publish- 
ers, and other organizations, prepare maps to meet this obvious need. Some are 
drawn to give as fair a picture of a particular problem as the limitations of the 
medium permit. Others are prepared primarily to propagate one of several pos- 
sible opinions. 

In confining the present discussion largely to ‘‘opinion’’ maps bearing on 
major territorial disputes and concepts, we are merely recognizing that at present 
these appear to be of the greatest importance, for decisions on such questions will 
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become the backbone of the peace now being formed. This, however, does not 
mean that other types of persuasive map material cease to classify as propaganda. 

Many propaganda pamphlets and books include maps which are merely inci- 
dental locational guides that do not directly support the arguments in the ac- 
companying text. In other cases, the map is the foundation for the entire line 
of argument. Between these extremes are numerous examples where the map 
receives varying degrees of emphasis, and in this middle ground it is often diffi- 
cult to indicate precisely the extent to which persuasion was the main reason for 
preparing the map. 

Other difficult classification questions often appear in connection with his- 
torical maps. In this field, it is not so much a question of ‘‘is this a propaganda 
map’”’ as it is a question of ‘‘to what extent has a particular national viewpoint 
been favored.’’ Regardless of the objectivity with which they were prepared, a 
great percentage of existing historical maps present some information which some 
individuals honestly consider ‘‘propaganda.’’ For certain areas. the historical 
issues are so complicated and the record goes back so far that an unbiased map 
presentation becomes almost impossible. 

With some maps it is obvious that persuasion was not the primary purpose or 
reason behind their preparation, and yet they present material in such a way that 
a secondary propaganda motive is strongly suggested. This is noticeable in 
many regular reference maps and atlases prepared by private publishers for 
general sale. In some of these, boundaries and names are manipulated so as to 
bolster the nationalist or imperialist aspirations prevailing in the country of 
origin at the time of publication. 

In the many German reference atlases published during the last 20 years, the 
former German colonies were almost invariably given their old German colonial 
names with mandate designations, if given at all, printed parenthetically in small 
type as if the de facto situation was very transitory and the return of German 
sovereignty to these areas was expected momentarily. Yet, these same map mak- 
ers were very quick to recognize the de facto situation resulting from Japanese 
conquests in Manchuria and Italian acquisition of Ethiopia. 

Propaganda map. material may be directed at general world opinion, inter- 
national tribunals, public opinion in specific foreign countries (see fig. 1), gen- 
eral home opinion, large sections of home opinion, and on down the seale to very 
small groups at home or in particular foreign countries. But as a rule, the bulk 
of the material which would be universally labeled ‘‘ propaganda’’ is directed at 
both world and home opinion. 

Opinion is propaganda’s target and, for analytical purposes, it is important 
that this target be recognized. However, the target must not be confused with 
the ultimate objectives which the propagandist hopes to achieve by directing his 
efforts toward the target. 

When German cartographers used old German colonial names on maps show- 
ing former German colonies, the propaganda was directed primarily at German 
opinion and secondarily at world opinion. As an immediate objective, the map 
makers sought to keep in the minds of Germans in particular and the world in 
veneral, the idea that these areas had been German colonies. The ultimate objec- 
tive was the return of German sovereignty to these territories—although the ad- 
vancement of these ideas was not in itself the main reason for preparing the ma- 
jority of the maps. 
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the expansion or maintenance of a particular nation’s sovereignty. However, in 
analyzing propaganda maps it is sometimes necessary to trace this ultimate objec- 
tive through several steps of questionable logic. For example, on a 1937 Japa- 
nese map published by the South Manchurian Railway (see fig. 2), all of China’s 
social, political, and economic turmoil over a period of several years is summar- 
ized as the results of ‘‘red influence’’ and this is portrayed on the map with lines 
intended to show routes followed by Communist armies. On the map, China is 
heavily marked with lines but Manchuria, then under Japanese domination, is 
without such markings. Therefore, the reader was supposed to conclude, Japan 
should also be allowed to suppress ‘‘red influence’’ throughout China. Then 
peaceful conditions would prevail and occidentals would be able to conduct their 
affairs in China under a stable regime. Consequently, it would be to the advan- 
tage of the western powers to support Japan’s activities in China and allow her 
to expand her sovereignty on the Asiatic continent. 

An examination of this type of reasoning leads us logically to the basic stereo- 
type arguments which run like woven threads through nearly all map propa- 
ganda material pertinent to territorial disputes. There are many possibilities 
for variation but the ten basic arguments usually run as follows. 

A national group may claim a particular territory because: It is needed to 
round out a natural frontier; the people are of the same race; the people speak 
the same language; the people share a common religion; the territory is closely 
linked by historic right ; the territory is needed as reparation for damage 
sition of the territory is deserved because of cultural superiority; the territory 
is essential to national defense; the territory is needed to round out a logical eco- 
nomic unit; the defense civilization demands that the territory be occupied by a 
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Variations of these arguments are often used in map propaganda favoring 
viewpoints unsupported by facts. Yet, it would be wrong to conclude that this 
is always true. There are many cases where propaganda maps have been pre- 
pared by groups advocating opinions so well supported by existing facts that a 
strong case could be constructed without the slightest exaggeration or distortion. 

As an illustration, it is possible to point to the Greek inhabitants of the 
Dodecanese Islands who, at various times, prepared propaganda material to indi- 
eate why their islands should be under Greek sovereignty. In presenting ethno- 
graphical maps to show that the population of the islands was predominantly 
Greek, there would have been no need for the Dodecanese Greeks to deviate from 
the facts or in any way shade the facts to favor their viewpoint. 

Unfortunately, there is seldom such a clear preponderance of facts favoring 
one side of an issue on which propaganda map material might have a bearing. 
Where favorable facts are wanting, the propagandist generally manipulates 
available facts and plausible fancies to serve his ends. In preparing maps 
deliberately designed to deceive, the propagandist has a wide variety of tech- 
niques at his disposal. 

Perhaps the simplest and most basic of these are selection and false emphasis. 
For example, a particular boundary, river, or transportation feature is made to 
stand out more prominently than similar features of equal magnitude nearby. 
Or, a misleading impression is conveyed by carefully selecting items which are, 
in themselves, essentially truthful. Selection is a legitimate cartographic method 
employed, to some extent, on most objectively prepared maps. However, where 
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Figure 2.—A 1937 Japanese map prepared to illustrate the spread of “red influence” in 
China and the dearth of Communist influence in Japanese dominated Manchuria. 


it is deliberately used to distort facts for the sole purpose of planting a suggestion 
or changing opinion on highly debatable questions, it clearly deserves mention as 
a map propaganda technique. 
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In using cotors, makers of propaganda maps often portray the territory to 
which they are favorably disposed in bright red while the homelands of their 
antagonists are tinted a sickly yellow. Aside from the eye appeal of the red in 
contrast to sulphureous yellow, this and other color combinations exaggerate the 
areal extent of the dominant shade. 

Color is also an important factor on dot distribution maps illustrating the 
ethnic composition of the population. Where a small circle is colored a bright, 
solid red, it has the effect of appearing larger than a circle of equal size tinted 
a lighter shade. Thus, without falsifying the statistical values, a minority can 
be made to appear dominant or nearly equal in numbers to the actual majority. 

Where a map propagandist wishes to exaggerate the importance of the rural 
population he can avoid dots and graphs and use solid colors. When these are 
spread over wide, sparsely populated rural areas, they de-emphasize the urban 
concentrations which often make up the greater percentage of an area’s total 
population. 

Many recent propaganda maps rely on arrows and suggestive picture symbols 
to show threat, attack, and movement.* These devices, leaning heavily on over- 
simplification, are well adapted to map propaganda use for they involve minimum 
demands on the thought processes of the reader. 

Map projections can play an important part in the preparation of maps 
deliberately designed to distort or deceive. All projections involve some distor- 
tions, and certain projections, such as the well-known Mercator which exaggerates 
the size of areas in high latitudes, have characteristics which make them particu- 
larly adaptable to the varying demands for emphasis encountered by makers of 
propaganda maps. 

INTERPRETING PROPAGANDA MAPS 

Recognition of the fact that there are many techniques which can be used in 
preparing persuasive maps that are often deceiving, should not lead one to believe 
that propaganda maps are unworthy of serious study. 

If material of this type is approached with an understanding of its possi- 
bilities and limitations it can contribute greatly to a sound understanding of 
many important international problems. The main points in a particular 
group’s policy on a territorial question can often be arrived at more quickly 
through the examination of pertinent propaganda maps than from the study of 
extensive text and statistical material. 

The appraisal and interpretation of propaganda maps brings up the question 
of preparation for this specialized type of analysis. Some of the results of peace 
conferences following the first World War clearly suggested that certain minds 
trained to grasp fallacies appearing in legal briefs and statistical interpretations 
were not sensitive to the same fallacies presented in map form. 

In the analysis of questions on which propaganda maps have an important 
bearing, it is essential that ‘‘opinion’’ maps be checked against other types of 
maps known to be reliable. It is also important that some form of checklist be 
used to guard against omission. <A series of maps prepared to show why a terri- 


The symbolism of “dynamic cartography” seems to have been derived in part from 
military maps, which have long used arrows and similar devices to show troop movements, 
and in part from the political eartoon. In propaganda material one commonly encounters 
illustrations which are neither “maps” in a strict sense nor cartoons. 
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tory should be awarded to a particular country might give the superficial impres- 
sion of being very complete but when examined in connection with a checklist it 
may become apparent that many important subjects have been ignored. 

Regardless of its finished appearance or“appeal to the eye, no map is ever more 
accurate than the surveys and/or statistics upon which it is based. In the study 
of propaganda maps, a serious effort must be made to find out what the source 
materials were and precisely how they were used. No propaganda map should 
ever be considered entirely apart from the broader political aims and objectives 
of those who undertook its preparation. 

International organizations, various national governments, and to a lesser 
extent the general public have received and will continue to receive numerous 
map-accompanied brochures, pamphlets, and books setting forth the aspirations 
of states, minorities, and religious groups. To some extent, this material will in- 
fluence decisions on important international questions. A continuing examina- 
tion of map propaganda techniques can aid greatly in forestalling serious mis- 
interpretations and by doing so can contribute measurably to the soundness of 
peace settlement decisions. 


Naval Ships to Help Photograph Ocean Floor 


WO Navy seaplane tenders, the San Pablo and the Rehoboth, now are being outfitted 

at Atlantic ports for the most extensive survey yet undertaken of a land of mys- 
terious valleys, plains, and mountains—the bottom of the Atlantic. 

It is expected, as part of the project, to take many pictures of the sea floor—perhaps 
with fantastie creatures as yet unknown to science—at depths of about 2,000 fathoms, ap- 
proximately two miles. 

Continuous echo recordings of the contour of the Atlantic bottom will be made over 
large areas. The two ships will work together and will make accessible parts of the ocean 
where thoroughly equipped laboratory ships have not been able to work before—such as 
the stormy North Atlantie in winter. The ships will operate under the direction of the 
Office of Naval Research, the Bureau of Ships, and the Hydrographic Office. 

The photographie equipment consists of cameras inclosed in pressure-proof cases 
which ean be lowered to the desired depth and operated by setting off a flashlight. Last 
year photographs at depths of 1,000 fathoms were taken suecessfully by scientists of the 
Woods Hole Oceanographie Institute. One of these showed a large sea spider crawling 
on the ocean floor. Experimental pictures have been taken to depths of 2,000 fathoms 
but thus far have shown little detail. 

The general picture of the Atlantie bottom now is fairly well known, according to 
Hydrographie Office scientists, but most of the details remain to be discovered. It is 
known that extending roughly down the center of the ocean from Iceland to the Antaretie 
is the earth’s loftiest mountain range—the mid-Atlantie ridge. It also is known that the 
deeper parts of the ocean are floored by a vast plain, perhaps a part of the original crust 
of the earth. 

Final equipment now is being placed on the San Pablo at Norfolk while the Rehoboth 
is being completely outfitted for oceanographie work at the Philadelphia Navy Yard.— 
Thomas R. Henry in The Washington Evening Star, December 20, 1948. 








Cadastral Surveys for the Public Lands of the 
United States 
By EARL G. HARRINGTON 


ASSISTANT CHIEF CADASTRAL ENGINEER, BUREAU OF LAND MANAGEMENT 


CADASTRAL survey is the act or process of making an official survey or 

register of lands. The execution of cadastral surveys for the public lands 
in the United States is the responsibility of the Bureau of Land Management. 
The Congress established this Bureau in the Department of the Interior on July 
16, 1946, through consolidation of the General Land Office and the Grazing 
Service. 

Space does net- permit detailed presentation of the problems, both technical 
and legal, involved in executing the public land surveys. It is possible only to 
acquaint the Congress on Surveying and Mapping with the general procedure and 
to point out how the surveys and resurveys made by the Bureau of Land Manage- 
ment may be of material value to all government agencies and the public engaged 
in large-scale mapping projects. 


PUBLIC LAND AREAS MONUMENTED FOR MAPPING 


At one time the original public domain comprised an area of over 3,000,000 
square miles. At its maximum extent this included the Territory of Alaska, the 
States of Florida, Alabama and Mississippi and all states, except Texas, lying 
north and west of the Ohio and Mississippi Rivers. Since the first public land 
surveys under the rectangular system were executed in the eastern part of Ohio 
in 1786, the rectangular system has been extended over more than 2,000,000 square 
miles of public land area. Approximately 92 percent of the total area of the 
public land in the continental United States, but less than 1 percent of the area 
of the Territory of Alaska, is now covered by the rectangular system. 

A vast monumented cadastral net has been created which may be used for 
control in connection with general and specific mapping programs. This com- 
prehensive rectangular survey net provides a simple and definite form of land 
identification and anchors in place the boundaries of the public land. 

In conformity with legal requirements the general scheme of survey provides 
for: 

(1) The establishment of governing lines designated as principal meridians and base 
lines originating at selected points, known as initial points, each to serve as the beginning 
point for the extension of the surveys in separated localities. 

(2) The establishment of guide meridians and correction lines or standard parallels at 
intervals sufficiently near each other to maintain a practical workable adherence to the 
legal definition of the primary unit, the township. 

(3) The subdivision of the area into townships, each 6 miles square. The townships 
are numbered to the north or south commencing with number 1 at the base, and with range 
numbers to the east or west beginning with number 1 at the principal meridian 

(4) The subdivision of the townships into 36 separate units, designated as sections, by 
running parallel lines through the townships from south to north and from east to west 


Presented at Eighth Annual Meeting, American Congress on Surveying and Mapping, 
Washington, D. C., June 21-23, 1948. 
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at distances of 1 mile. The sections are numbered from 1 to 36 commencing with number 
1 in the northeast section of the township, proceeding west to section 6, south to section 7, 
east to section 12, and so on, alternately, to number 36 in the southeast section. 

The primary purpose of the cadastral surveys executed by the Bureau of Land 
Management is to mark on the ground the boundaries of the public lands, for 
disposal and administrative purposes. The original surveys create the boundaries 
of these lands and provide the basis for their legal description. Mapping is in- 
cidental to the cadastral survey, although the important map features are shown 
on the township plat. The standard scale for the township plats is 1 inch = 4 
mile. At this scale, the 6-mile townships are shown 12 inches to a side on standard 
size plat sheets, 19 by 24 inches. 

The final survey record consists of field notes describing the details of the 
survey including a complete description of the monuments established and how 
they are marked, and the plat, which is a graphic representation of the survey 
made in the field. The purpose of the plat is to show the courses and lengths of 
survey lines between established monuments, the boundaries, description, and area 
of each tract of land and, as far as practicable, a delineation of the important 
relief, drainage, and culture. The plat serves as the legal basis for all trans- 
actions involving the public lands. The courts hold that when lands are granted 
according to an official survey, the plat of the survey, with all its notes, lines, 
descriptions, and landmarks, becomes as much a part of the grant or deed by which 
lands were conveyed, and controls so far as limits are concerned, as if such 
descriptive features were written out upon the face of the deed or grant (Cragin 
v. Powell, 128 U. 8S. 691, 696). 

The vast monumented net of cadastral surveys consists of monuments estab- 
lished at the four corners of each section, as well as the quarter corners on the 
boundaries of the sections. These monuments furnish the foundation for the 
subdivision of the sections as contemplated by law and for the identification of the 
boundaries of the sections. The monuments—eight to a square mile—also furnish 
control for practically all types of field work involved in mapping projects. 


CADASTRAL SURVEYS BEGUN BY CONTRACT IN 1812 

The General Land Office, now the Bureau of Land Management, was organized 
in 1812 primarily for the purpose of selling the public lands in order to pay the 
debts of the Revolutionary War. There was a great demand for the western 
land and surveys were necessary before the lands could be identified and described. 
The surveys were made under the contract system. Accurate work, as accuracy 
is measured today, was not required. The monuments established marked the 
boundaries of the lands disposed of regardless of the accuracy required in making 
the survey in the first instance. It is a principle of law that corners once estab- 
lished, designated and used to mark land boundaries, cannot be changed if there 
are existing valid rights based upon said corners. 

Unlike scientific surveys of an informative character which may be amended 
with changing conditions or because the original surveys were not executed ac- 
cording to the standards now required for accuracy, cadastral surveys made by the 
Bureau of Land Management cannot be ignored, repudiated, altered, or corrected, 
if they mark the boundaries of lands patented by the United States. The con- 
struction engineer can remove a defective foundation and rebuild; errors appear- 
ing in those surveys which supply information for the public can be corrected and 
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new data supplied, but an original cadastral survey which creates boundaries 
cannot be changed so long as it controls rights vested in the lands affected. 

Regardless of the fact that extreme accuracy was not an important factor in 
executing the early surveys of the public lands and there is considerable difference 
in some instances between the original record and the actual distances and courses 
of the lines on the ground connecting the established monuments, the original 
cadastral surveys are still serving the purpose for which they were made, that is, 
to mark the boundaries of the public land. The advancement made in accuracy 
in connection with executing the survey of the public lands is best illustrated by 
the specifications for that factor contained in the early regulations compared with 
the present day standards. 


SURVEY REGULATIONS AND SPECIFICATIONS FOR INCREASED ACCURACY 


In the 1855 Manual of Instructions for the survey of the public lands, which 
was the first general publication issued for the guidance of Deputy Surveyors, it is 
stated : 


Every north and south section line, except those terminating in the north boundary 
of the township, is to be eighty chains in length. The east and west section lines, except 
those terminating on the west boundary of the township, are to be within one hundred 
links of eighty chains in length; and the north and south boundaries of any one section 
except in the extreme western tier, are to be within one hundred links of equal length. The 
meanders within each fractional section, or between any two meander posts, or of a pond 
or island in the interior of a section, must close within one chain and fifty links. 

The requirements for accuracy at the present time in making cadastral surveys 
are to a large extent based upon the character of the area being surveyed and its 
value. Since the established monuments mark the boundaries, and not the re- 
ported bearings and distances between those monuments, it would not be good 
business and it is not necessary to require the same degree of accuracy in rough 
mountainous areas, valuable for grazing purposes only, as is required in agricul- 
tural areas or mineral areas where high values are involved. 

1947 MANUAL OF SURVEYING INSTRUCTIONS 

Considering the township as a unit, the 1947 Manual of Surveying Instructions 
provides that the average closing error shall not exceed 1:1,000 for extremely 
rough mountainous land, covered with dense timber and undergrowth, valued 
chiefly for grazing and exceptionally difficult to survey ; 1: 1,800 for the average 
mountainous area valued chiefly for grazing; and 1: 3,500 for areas containing 
valuable mineral deposits, improved or cultivated lands and other areas where 
this accuracy can be obtained at a reasonable cost. It is believed that the monu- 
ments established according to these specifications for accuracy will, in general, be 
suitable for horizontal control for all types of maps and will provide the neces- 
sary control for the actual field work involved in obtaining the map data. 

Prior to 1910 the survey of the public land was made by contract. By the Act 
of June 25, 1910, the Congress put an end to this system and inaugurated the 
‘Direct System’’ under which surveys and resurveys have been executed by a 
permanent corps of engineers. I have been told by officials of other agencies who 
have used the monuments established in the survey of the public lands for 
mapping purposes that the cadastral surveys made since 1910 are without question 
suitable for control purposes. 

Since 1910 when the contract system for executing surveys was abolished, the 
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corners of the public land surveys have been monumented with standard metal 
posts manufactured from wrought iron or copperbearing steel pipe filled with a 
core of concrete. Present specification standards call for posts 30 inches long, 
2 inches in diameter, with the planted end split and the two halves spread to form 
a flange. <A brass cap riveted to one end of the post is appropriately marked with 
steel dies. 

All known triangulation stations established by the U. S. Coast and Geodetie 
Survey and the U. 8. Geological Survey are connected to corners of the rectangular 
system of surveys at the time the field work is executed. Based upon these con- 
nections the precise latitude and longitude of each monument in the township can 
be computed. It is the practice in preparing the plats representing the surveys 
and resurveys to give the latitude and longitude of the southeast corner of each 
township. The monumented corners accordingly, when the precise latitude and 
longitude are known, may be used as the basis for control in any mapping or 
surveying project. 

USE OF AERIAL PHOTOGRAPHS 

In areas where aerial photographs are available, copies are secured and fur- 
nished the field engineer. While the cadastral survey is in progress, a number of 
selected points that can be positively identified on the pictures are connected to 
the established monuments of the survey. Ample control is thus obtained for 
laying out the section or other lines of the survey on the photographs. When 
appropriate, the statement, ‘‘ Aerial photographs, coordinated with ground con- 
trol obtained during survey have been used in compiling the topography shown 
on this plat,’’ is placed on the township plat. 

Today one of the major problems confronting the cadastral engineering 
service of the Bureau of Land Management is that involved in the restoration of 
original corners which have been lost. A lost corner is a monumented point of a 
survey whose position cannot be determined from remaining evidence of the 
original marks. In the early surveys the importance of permanent monumenta- 
tion of corner positions was not realized and many of the corners were marked 
only by wooden stakes. Time and the elements have destroyed markers of this 
type thus making it necessary to resurvey large areas of the public domain for 
the purpose of ascertaining the original land boundaries. Strict attention must 
be given to the protection of vested rights in making these resurveys and the 
missing corners must be established according to principles laid down by the 
courts. 


MULTIPLE USES OF SOLAR TRANSIT 

The solar transit is the approved instrument for excuting the majority of the 
surveys made by the Bureau of Land Management. Members of the Bureau, 
cooperating with the instrument makers, have designed and developed an instru- 
ment which has now reached a high degree of efficiency and simplicity. This in- 
strument is valuable not only for making cadastral surveys but for use in other 
types of engineering and mapping projects. I do not believe that the majority of 
map makers and engineers realize the use that can be made of the instrument, 
especially in the saving in field-party time which is an important factor in the 
cost of any project. 

The speed and accuracy of instrumental orientation for which it is designed, 
and is capable of performing, makes it an ideal instrument for many classes of 
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surveys, such as the survey of rights-of-way for all types of construction which 
constantly intersect property boundaries and where the directions of lines in 
terms of angular measurement from the true meridian are needed; the running of 
short control lines for fixing the relation of air photos for scale and orientation ; the 
traversing of the banks of streams, lakes, and other irregular boundaries; the 
spotting of contours by transit methods; the checking of the azimuth of any line 
at any given point, and for all preliminary and exploration surveys. 
RECORDS OF PUBLIC LAND SURVEYS 

Copies of the plats and field notes representing all the public land surveys 
executed in the United States and Alaska are filed in the Bureau of Land Manage- 
ment, Washington, D. C. Copies of survey records are also filed in the District 
Offices of the Bureau, located at Phoenix, Arizona; Glendale, California; Denver, 
Colorado; Boise, Idaho; Helena, Montana; Reno, Nevada; Santa Fe, New Mexico; 
Salt Lake City, Utah; Cheyenne, Wyoming; and Juneau, Alaska. Each of these 
offices has the records pertaining to the individual state in which the respective 
office is located. In the other public land states, where the surveys have been 
completed, the original records, formerly in branch offices of the former General 
Land Office, have been transferred to those states. The only exception is noted in 
the case of Oklahoma where no records have been filed with the State. 

The Bureau of Land Management issues a number of publications dealing with 
the public land surveys and resurveys—the most important and comprehensive of 
which is the Manual of Instructions for the Survey of the Public Lands of the 
United States, 1947. The Standard Field Tables and an annual publication of the 
Ephemeris of the Sun, Polaris and other Selected Stars are also available. 

A pamphlet entitled ‘‘Restoration of Lost Obliterated Corners and Sub- 
division of Sections’’ has been issued for the guidance of county and other local 


surveyors. 


New World Atlas 


EK XTENSIVE REVISIONS have been made in the 1949 printing of the Encyclopaedia 
4 Britannica World Atlas, according to Walter Yust, Editor-in-Chief of the 
Encyclopaedia Britannica publications. 

Political maps have been revised to conform with all post-war treaty boun- 
daries and de facto boundaries, with explanatory notes added where needed to 
explain the position of the United States government regarding the recognition 
of these boundaries. Where boundaries are still too vague for definition, they 
are presented ‘‘as that day knew them when the world was last at peace,’’ ac- 
cording to Mr. Yust’s foreword to the volume. 

Dr. G. Donald Hudson, geographical editor of Britannica, and his staff of 
research workers, translators, and calculators used nearly 1,000 documents, pub- 
lished in all parts of the world, as source material for the single-volume Atlas. 
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Global Distance Scale 


By ALEXIS M. UZEFOVICH 


CIVIL ENGINEER, TENNESSEE VALLEY AUTHORITY 


TRATEGISTS, pilots, navigators, teachers and students of geography, and 

others, frequently encounter problems which require determination of the 

shortest aerial distances between distant points on the surface of the earth, the 
geographical coordinates of which are known. 

Geographical maps and navigation and aeronautical charts will not give true 
values in measuring distances from points of departure to points of destination, 
as there is no map upon which all distances can be measured with accuracy. <Ac- 
curate distances must be computed by spherical trigonometry formulas. 


MAP SCALES 


The surface of the earth, being spheroidal, cannot be flattened into a plane 
without considerable distortion. The representation of geographical features on 
a map of the world or of a continent or an ocean is, therefore, only an approxima- 
tion. Because of this, the seale of a map is never constant throughout its entire 
area. The distortion further manifests itself in deformation of meridians and 
parallels, the size of angles and areas, and in erroneous bearings and distances. 

The network of reference lines on a map representing the meridians of longi- 
tude and the parallels of latitude is a map projection, and the selected projection 
will determine whether these lines are straight, curved, or both. The seale along 
a selected meridian, parallel, or other line is made uniformly the same as the scale 
used for decreasing the earth’s circumference on the plane of projection. This 
is the basic unit dimension of a map projection and is the principal scale. On 
the other meridians and parallels and in other directions the local scales are 
smaller or larger than the principal scale. 


GREAT CIRCLE ROUTES 


Besides the variation of the local scales in different parts of a map, the shortest 
distance between two points on the surface of the earth (the shorter are of the 
great circle passing around the earth and joining two points) will not usually 
correspond to the straight line drawn on a map between two given points, but 
will be represented by a curved line. For example, if a pilot were to chart the 
Boston-Peiping ‘‘ great cirele’’ route on a world map on the Mercator projection, 
he would find that it disappeared off the top. A straight line between two points 
on this projection (rhumb line or loxodrome—sailing line or flying line of con- 
stant bearing) does not represent true direction of the shortest distance between 
them, as an are of the great circle is represented by a curved line. Only when 
both points are on the Equator or on a meridian will the loxodrome coincide with 
an are of the great circle. Distances on Mercator maps can be measured accu- 
rately only along the Equator for which there is a true principal scale and along 
the parallels for which true local scales can be computed. 

Maps constructed on the Thales gnomonie projection possess the exclusive and 
remarkable property that all great circles of the globe are represented by straight 
lines. This is important for sea and air navigation, as a straight line drawn 
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between any two points indicates all landmarks which would appear along the 
great circle route. Distances, however, cannot be accurately measured on such 
maps because of the distortion. 

It would be desirable to have, for each airfield, a map representing the entire 
world on one sheet and compiled on the Postel azimuthal equidistant projection. 
Straight lines drawn from the center of the map or airfield will then represent 
great circle routes and true distances to any other point. Such maps must be 
drawn with the airfield located at the center of the projection, but the task of 
preparing individual maps for all existing and proposed airfields would require 
the expenditure of prohibitive amounts of time, effort, and money. 


GLOBAL DISTANCE SCALE THEORY 


The problem of determining the shortest distance between any two points on 
the earth’s surface may be solved by direct measurement on a large, well-made 
globe. Such a globe, however, would be unwieldy to carry or to store. A 
**Global Distance Scale’’ 8 inches in diameter or more, may be conveniently 
substituted for a globe and will permit graphical determination of distances 
between any two distant points with sufficient accuracy. The distances measured 
on the earth’s surface differ so slightly from aerial distances that no corrective 
factor is required up to an altitude of 10 miles. Also, for practical purposes, 
the earth may be considered a sphere instead of a spheroid. 

The shortest distance between points A and B on the sphere is the shorter are 
of the great circle joining them. (See fig. 1.) If the length of the straight line 
AB, i.e., the length of the chord AB between the points A and B on the great 
circle passing around the sphere and through these points, is found, the problem 
of determining the shortest aerial distance between these two points is easily 
solved. The known length of the chord AB at a given scale permits one to find 
graphically the number of degrees in the shorter are of the great circle, and thus 
to calculate the shortest aerial distance in statute miles, kilometers, or nautical 
miles. 

If points A and B are situated on the earth’s surface on different meridians 
and parallels (for example: point A is at the intersection of the 0° meridian and 
the 55° south parallel and point B is at the intersection of the 110° east or west 
meridian and the 30° north parallel), chord AB and the perpendicular line AA, 
from point A to the plane of the parallel of point B, and the straight line A,B 
(in the plane of the parallel of point B) connecting point A, with point B forms 
the plane right-angled triangle AA,B. The length of the side AA, is equal to 
the length of the interval C,C, on the earth’s axis between the parallels of points 
A and B. 

The lengths of the intervals on the earth’s axis between the earth’s center C 
and the centers of the small circles of the parallels and the lengths of the radii, 
of the small circles, and the length of the radius of the earth’s Equator, appear in 
their true lengths at a given scale on the Apollonius equatorial orthographic pro- 
jection for the earth’s Eastern or Western Hemisphere.‘ On this projection the 


‘Qn the Apollonius equatorial orthographic projection for the earth’s Eastern or 
Western Hemisphere the semicireumferences of the small cireles of the parallels and the 
semicireumference of the Equator’s great circle appear as straight parallel lines spaced 
closer towards the Poles, and their lengths are equal at a given seale to the true lengths 
of the diameters of small circles of the parallels and to the true length of the Equator’s 
creat cirele diameter. 
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length of the side AA,, which is also equal to the length of the interval C,C. on 
the earth’s axis, and the lengths of sides A,C, and BC,., can be found graphically. 

Straight lines A,C., BC., and A,B (in the plane of the parallel of point B) 
form the plane triangle A,BC,. Angle A,C.B is equal to the difference in longi- 
tude of points A and B. The lengths of sides A,C, and BC, are equal to the 
lengths of the radii of the small circles of the parallels of points A and B, 
respectively. 

Knowing the lengths of sides A,C, and BC, and angle A,C,.B, the triangle can 
be constructed at a given scale and the length of side A,B found graphically. 

In the plane triangle A,BC, and in the plane right-angled triangle AA,B, side 
A,B is common to both. Knowing the lengths of sides A,B and AA,, the plane 





Figure 1 


right-angled triangle AA,B can be constructed at a given scale and the length of 
its hypotenuse AB found graphically.’ 

The length of chord AB defines the number of degrees in the shorter are of the 
great circle passing through points A and B. With the aid of the ‘‘Global 
Distance Seale’’ the length of chord AB can be determined. 


2 With the changes of relative positions of points A and B on the sphere, chord AB is 
variable from zero to the length of the earth’s diameter. Also the size of angle A,C.B 
and the lengths of sides A,C, and BC, in the plane triangle A,BC, are changeable; the 
angle from 0° to 180° and the sides from zero to the length of the earth’s radius. 








90 SURVEYING AND MAPPING 
DESCRIPTION OF THE GLOBAL DISTANCE SCALE 

The ‘‘Global Distance Seale’’ (fig. 2) is a square with a circle inside to 
represent at a given scale the earth’s circumference with C as its center. The 
upper semicircumference is subdivided in degrees. The outer row of degrees is 
assigned to meridians of longitude, and the inner row of degrees is assigned to 
the north and south parallels of latitudes, the former being in the left quadrant 
and the latter in the right quadrant. 
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Figure 2 

The lower semicircumference is a scale of statute miles, subdivided into units 

of 50 statute miles with zero at the right end of the horizontal diameter. The 
length of the earth’s semicircumference is taken as 12,450 statute miles. 

If the point of view is assumed to be at an infinite distance from the earth and 

if the eye is placed to coincide with the extended earth’s axis, the center C will 

represent the earth’s North or South Pole. 


Straight lines drawn from C to the 
upper semicircumference subdivisions 


(using the outer row) will represent 
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GLOBAL DISTANCE SCALE 91 
meridians of longitudes radiating from the Pole as they appear on the Appollonius 
polar orthographic projection for the Northern or Southern Hemisphere.’ In 
this ease the horizontal diameter of the ‘‘Global Distance Scale’’ represents the 
0° and the 180° meridians and the vertical radius represents the 90° meridian. 

If the point of view is infinitely distant from the earth and if the eye is placed 
on the infinitely extended plane of the earth’s Equator, the horizontal diameter 
of the ‘‘Global Distance Seale’’ in this case represents the true length of the 
earth’s axis at a given scale. Straight lines, if drawn from the upper semi- 
cireumference’s subdivisions (using the inner row) perpendicularly to the hori- 
zontal diameter (the earth’s axis), represent at a given scale the true lengths of 
the radii of the small circles of the parallels and the true length of the Equator’s 
great circle radius (perpendicular line from 0° of the inner row of degrees to the 
horizontal diameter) as they appear on the Apollonius equatorial orthographic 
projection for the earth’s Eastern or Western Hemisphere. 


RULES OF APPLICATION 
The General Case 
Points A and B on different meridians and parallels 


Example.—To determine the shortest aerial distance between point A (lati- 
tude 55° §8., longitude 85° E.) and point B (latitude 30° N., longitude 25° W.). 


1. Find their difference in longitude by the usual method where points are in different 
hemispheres. In the example it is 110°. Assume point A at the intersection of latitude 
55° §. and the 0° meridian, and point B at the intersection of latitude 30° N. and the 
110° meridian. 

2. On the “Global Distance Seale,” draw a straight line between the Center C 
the 110° subdivision. This is the 110° meridian. 
draw perpendiculars from 55° S. and 30 


and 
From the inner row of subdivisions 
N. to the diameter, marking the intersections as 
points C, and C, and the lengths of the perpendiculars as R, and R, (radii of small cireles 
of the parallels of points A and B). The length C,C, is the true length of side AA, in 
figure 1. 

3. From center C lay off on meridians 0° and 110° the lengths of perpendiculars 
R, and R., and mark the ends as points A and B. The positions of points A and B are 
10w located on the Global Distance Seale as they appear on the Apollonius polar ortho- 
graphie projection.* The length of the straight line AB represents the true length of the 
common side A,B of triangles AA,B and A,BC,. (See fig. 1.) 

1. From point A,, the lower right corner of the Global Distance Seale, lay off the 
length AB along the vertical side of the diagram and mark the end as point B. Also, lay 
off distance A,A along horizontal side of diagram equal to length C,C, on horizontai 
liameter and mark the end as point A. 

% On the Apollonius polar orthographie projection for the earth’s Northern or South- 
ern Hemisphere the parallels of latitudes appear in their true lengths at a given seale as 
concentric circumferences spaced closer towards the Equator, and their radii and radius 
of the Equator (coincided with meridians of longitudes represented by straight lines 
‘adiated from the Pole and intersected by circumferences of parallels) appear at their 
true lengths at a given seale. 

*On the Apollonius polar orthographic projection positions of points A and A, of 
the right-angled triangle AA,B (fig. 1), coincide at A, both being on the same vertical line 
parallel to the earth’s axis. The positions of centers C, and C, (fig. 1), of the small 
circles of parallels of points A and B, coincide with the earth’s center C (fig. 2). 
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Points A and B are now properly located on the arms of the right angle, and the 
length of the hypotenuse of triangle AA,B is found graphically. AB is also the chord 
AB of the shorter are of the great cirele joining points A and B on the earth. 

5. Measure on the seale of statute miles (lower semicireumference) the length of line 
AB in the lower right-hand corner of the Global Seale. The reading is the shortest 
distance (great circle distance) in statute miles between points A and B on the earth’s 
surface. In the example it is 8,675 miles. 


Special Cases 


a. Points A and B on same parallel——Obtain the numerical difference of longitude 
in degrees and draw from the center C the meridian of point B. Draw the radius R, of 
the parallel perpendicular to the horizontal diameter and lay off from C the length of R, 
on the 0° meridian, and on the meridian of point B, and mark the ends as points A and B. 
Measure the length of AB on the seale of statute miles. 

b. Points A and B on the Equator—Obtain the numerical difference of longitude in 
degrees and place point A at the right end of the horizintal diameter. Mark point B on 
the upper semicireumference at difference of longitude, and measure the length of AB on 
the seale of statute miles. 

c. Points A and B on the same meridian.—Obtain the numerical difference in latitude 
in degrees and place point A at the right end of the horizontal diameter and mark point 
B on the upper semicireumference corresponding to the number of degrees in latitude 
difference (use outer row) and measure the length of line AB on the seale of statute miles. 

d. Points A and B on same great circle passing through the North and South Poles, 
but on opposite meridians.—Add the number of degrees between parallels of points A and 
B and the North Pole. If the sum is more than 180° subtract the sum from 360°. Place 
point A at the right end of the horizontal diameter and mark point B on the upper semi- 
circumference corresponding to the number of degrees obtained (use outer row) and 
measure the length of line AB on the seale of statute miles. 


ACCURACY OF METHOD 


Reading by eye one half of a degree and one half of the scale subdivisions, the 
accuracy of determination of the shortest aerial distance between two given points 
on the earth’s surface, by the ‘‘Global Distance Scale,’’ is about 25 statute miles. 

The surface of the ‘‘Global Distance Seale’’ diagram should be specially 
treated for making repeated erasures of pencil marks. 
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Notes on Surveying 
By STEPHEN ROSE 


CARTOGRAPHER, U.S. COAST AND GEODETIC SURVEY 


NCE UPON A TIME lived an old man who felt his remaining days on earth 
were few in number and, therefore, he wrote his will. He named his only 
heir, a son, as the sole beneficiary to all he owned, namely, a small house in the 
center of a few acres of land which was entirely surrounded by trees. The old 
man loved to sit for hours at any one of the windows of the house, smoke his pipe, 
und watch the phenomena of the seasonal changes evidenced by the trees, which, 
because of their thick foliage, restricted his view to within the perimeter of his 
property ; in his will, therefore, he described his property as including everything 
that can be seen from the windows of his house. 

Soon the old man died and with proper ceremony his son had him buried. 
The will was recorded at the Magistrate’s office, a copy of it there retained, while 
the original became the personal possession of the son who moved into his father’s 
home where for the next few years he lived unobtrusively. Then he suffered fi- 
nancial reverses, thought of how to recoup his losses, and one day while thumbing 
thru the contents of his ‘‘strong box’’ he came upon his father’s will which this 
time he carefully reread. He noticed the clause which described his property as 
including everything that can be seen from the windows of the house. A few 
days later he had several of the huge trees on his property’s boundary felled and 
hauled away, and then, on the strength of the wording of the will, he put forth 
claims to large tracts of land. Thereupon the owners of adjacent estates frowned, 
while the puzzled Magistrate scratched his ears. 

The outcome of the tale is not important; the significant point is that geo- 
eraphic descriptions must be definite and rigid in order to be of value. This, how- 
ever, may be achieved only if a combination of geographic, geometric, and math- 
ematical laws is so applied that it results in the precise locating of points on the 
earth’s surface. Throughout the many ages of recorded history, empires and pri- 
vate fortunes were created or lost in armed or legal conflict arising over the chal- 
lenge of a geographic claim. Directly or indirectly surveying was connected 
with these changes, and even centuries before the time of Christ, both the legal 
and professional aspects of surveying were recognized. Legal knowledge was 
part of the curricula of surveyors of long ago, and their decisions were respected. 
“De Agrorum Qualitate,’? by Frontinus, became the basis of property laws 
nearly 2,000 years ago. 

That certain past civilizations understood the principles of surveying is shown 
in a tomb at Thebes where, carved into the wall, is a relief depicting two chainmen 
surveying a field of corn. ‘‘Geometers’’ were employed by Anthony to arrange 
permanent military camps in agreement with specified measures; furthermore, 
the Romans used an instrument similar in principle to the planetable to align 
aqueducts and roads which connected the provinces to Rome. These roads, in 
fact, became the network of the modern highways of central and southern Europe 
several eras later. Another ancient Roman surveying instrument was the 
‘*eroma’’ which consisted of two horizontal bars set perpendicularly to each other, 
and from the ends of which plumb lines were suspended; it was used to lay out 
intersections at right angles. 
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A classic example of ancient surveying knowledge is Egypt’s Great Pyramid 
constructed so close to a perfect square that the mean error of the four sides of 
its base is three-fifths of an inch in length and 12 seconds in angle. 

Despite the progress of civilization prior to the nineteenth century, survey- 
ing, as a science, was neglected simply because constructive use of it was unneces- 
sary. Throughout those years astronomic research attained fair precision but the 
knowledge was limited to the prediction of solar phenomena. Precise surveying 
based upon geometric and trigonometric rules became a necessity only with the 
advent of modern technological advances. 

As early as 300 B.C. the Greeks, on their water voyages between the Indus and 
the Persian Gulf, recorded distances in a logline form; celestial surveying, how- 
ver, was not applied to navigation until the ninth century when the Arabs began 
using a type of astrolabe which was not superseded by the more efficient sextant 
until the eighteenth century. Loxodromie charts, used by captains of ships plying 
the Mediterranean, appeared in the thirteenth century, and eventually developed 
a crude form of the modern transit which, in use with the now obsolete meridian 
circle (also called mural circle) was used for determining time and for measuring 
the altitude of stars. 

Despite primitive knowledge and crude surveying devices, a meridional are 
was measured by Arab astronomers on the Mesopotamian plains in the year 827. 
A century later an Arab astronomer named Al Batani measured the meridional 
distance between his observatory at Toledo and the one at Baghdad; he concluded 
this to be 51°30’, which is practically 3° in excess of the actual distance. 

As soon as the necessity for accurate surveying became recognized, the needed 
instruments began to appear. The principle of the tacheometer, invented in 1639, 
is still in use today in the form of the greatly improved telescopic ‘‘ quick-meas- 
uring’’ devices which, for reading of distances, are now being supplemented by 
the subtense bar. The popularity of the subtense is increasing because it is ac- 
curate and inexpensive ; when used with a 1-second theodolite, the accuracy of the 
subtense easily approaches 1 centimeter in 100 meters, as contrasted to an error of 
about an inch in 100 feet when reading distance on a vertical staff with the aid of 
stadia hairs in the foeal plane. It is possible to attain 1: 10,000 accuracy by 
tachymetrie methods, but the technical equipment needed is considerably more ex- 
pensive than the cost of the subtense. 

The reading of angles became easier and more accurate with each improvement 
in the manufacture of optics and precision metal parts. The old, extremely cum- 
bersome theodolites with a horizontal circle of as much as 36 inches, and a vertical 
circle 18 inches in diameter, soon gave way to the modern, light, and efficient in- 
struments which have their circles reduced to 6, 5, or even 23 inches in diameter 
with no loss in accuracy because the calibrations are cut by greatly improved 
dividing machinery. 

The subjects related to surveying received increased attention in direct ratio 
with the necessity for dependability of the field work. The phenomena of ter- 
restrial magnetism was noticed, but not understood, centuries ago. Although the 
Chinese seem to have known the characteristics of the lodestone more than a 
thousand years before Christ, and even though forms of the magnetic directional 
compass were in use long before the time of Columbus, no reference was made to 
the peculiarity of magnetic declination until 1504. In that year Pedro Reinal 
introduced a map of the North Atlantic with a double set of the parallels of lati- 
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tude which tended to simplify the puzzling aspects of magnetic variation; how- 
ever, it was not until 1635 that Henry Gellibrand discovered and recorded changes 
in the magnetic compass needle. George Graham in 1722 discovered that the 
orientation of the magnetic compass varies daily, and eventually it was noticed 
that the earth’s total magnetic intensity is not the same over its entire surface. 
We know today that across the earth’s great bodies of water the declination is 
easterly over the Gulf of Mexico and the Pacific, and westerly over the Atlantic 
and Indian Oceans. The declination alters from more than 30° to the East, to 
roughly 45° to the West of the geographic meridians. 

The first isogonic chart appeared in the seventeenth century. At about the 
same time an English instrument maker, Robert Newman, discovered the peculi- 
arity of magnetic inclination. 

The progress of survey methods eventually evolved terrestrial photogram- 
metry, and so was invented the phototheodolite which is used to photograph each 
portion of the territory surveyed from two angles. Because the camera’s angular 
position automatically moves with the telescope, each exposure is an actual record 
of part of the field work. The positions, therefore, can be established from the 
photoray intersections. Aerial photography for certain forms of surveying is the 
latest method attempted, and improved variations of it may be expected to de- 
velop from time to time. 

Due to the spheroidal shape of the earth, any survey which covers an area of 
substantial size should be based upon a control solved by spherical trigonometry 
rather than by plane geometry. The earth’s surface, also referred to as the level 
line, curves below the horizontal by a certain amount increasing with the square 
of the distance. Roughly expressed, the curvature is below the horizontal 8 
inches at a distance of 1 mile from the point of observation, 32 inches at a distance 
of 2 miles, 72 inches at a distance of 3 miles, ete. Any one of several formulae 
may be applied for solving the problem of curvature accurately. The spherical 
excess depends entirely upon the size of the triangle in question, its addition to 
180° being about 1.32 seconds for each 100 square miles. 

Although many different types of surveying instruments have been developed 
for special application to the various types of measurements which must be made 
in surveying, the precision theodolite continues to be the instrument of prime im- 
portance because it is both practical and versatile. The use of the level, of course, 
is indispensable for precise determination of elevation, nevertheless, precision ap- 
proaching third order can be attained by the proper use of a fine theodolite. Since 
many errors in the field are usually compensating, extreme care must be exercised 
to obviate inaccuracies in the center of traverses which check closely at critical 
points. Systems of surveys at present tie into trigonometrically determined pre- 
cise geodetic points usually established by the U. 8. Coast and Geodetic Survey, 
or based upon one of its triangulation networks. 

Several excellent Government and private surveying agencies in the United 
States are in operation, each one accomplishing the field work by the method 
most suited to its needs. Nevertheless, today the United States still has vast areas 
which are without dependable survey control. It is noteworthy, however, that 
some of the states during the last few years have made excellent progress, either 
independently or with the aid of some Federal bureau, at establishing precise 
geodetic controls. Some foreign lands of small area are entirely covered by ad- 
equate first-order triangulation framework, the British Islands being an example 
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of one of these. In the United States, however, it is not only the immense size of 
the Nation which makes it convenient to fit second- and third-order control nets 
within the first-order framework; the elements of time and expense—the former 
necessary, the latter inevitable—allowed only strategic principal ares which tie 
down the Country and permit expansion wherever precise surveys may be needed. 

Because highly industrialized areas, large construction projects, growing 
metropolitan districts, ete., increasingly necessitate control, it is beyond a doubt 
that during the years to come considerable precision surveying will be accom- 
plished. 





The Stars— Our Timekeepers 
By DR. R. J. McDIARMID 


i HE Astronomer Royal, Sir Frank Dyson, was once asked, ‘‘ What is time?’ 
His reply was that he did not know. The object of this article is not to de- 
fine ‘‘time,’’ but to refer to the more modern devices we use for dividing day and 
night into equal periods, and their development in the life of the world today. 

Perhaps the most useful and necessary machine in the life of the present age is 
the watch, the little machine carried either in our pocket or on our wrist, which 
tells us the time. In our homes and public places, we have more elaborate machines 
which we call clocks. It might be of interest to note the origin of these two 
names, the clock first because it is nearly 300 years older than the watch. The 
English word clock comes from two words, the French word ‘‘eloches’’ and the 
German word ‘‘glokes’’ meaning bell. The earliest clocks made in Europe had 
a bell mounted on the top and this was struck by a hammer to designate the 
hour, hence any mechanism that told the time by the striking of a bell was 
ealled a clock. The first public clock appeared in England in 1288 at West- 
minster Hall. About 300 years later a mechanism was made, which did not 
strike like the clock, but was carried by men who patrolled the streets at night, 
ealled out the hours for the changing of the watch, and performed the duties 
of our modern police. Much the same idea was practiced by the Greeks and 
Romans in the military divisions of the night into watches, which marked the 
changes of sentries. The time pieces became known as watches. The watches 
of this period were not reliable, losing as much as an hour a day. 


GREENWICH TIME 


Toward the close of the 16th century, Britain and France developed consider- 
able rivalry for the supremacy of the seas in their Colonial policy. The British 


Reprinted through the courtesy of The Canadian Surveyor, April 1947. 
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government decided, if possible, to lessen the hazards of navigation, which meant 
that the old system of dead reckoning had to be greatly improved or replaced. 
Methods were suggested for determining a ship’s position at sea by observations 
of the sun, moon, and the stars, with the aid of a chronometer keeping Green- 
wich time. As a result the Greenwich Observatory was founded in 1675 to 
develop and carry out this plan. Furthermore, to give some idea of how im- 
portant it was to have portable timepieces that were dependable within certain 
limits, the British government in 1714 offered a prize of £20,000 for a watch that 
would keep Greenwich time correct to 2 minutes in a voyage across the Atlantic 
Ocean. <A Yorkshire carpenter, Harrison by name, was given the award in 1735. 
This watch is now in the museum of the Greenwich Observatory. 

Nearly all the nations of the world have their national observatories and their 
purpose is to provide accurate time to meet the needs of their countries. <Ac- 
curate timepieces are highly essential for transportation, the chemist, the physi- 
cist, the astronomer, the surveyor, and practically all lines of science. 


SIDEREAL TIME 

Time is measured by successive phenomena, occurring at regular intervals. 
The only astronomical phenomenon which rigorously fulfills this condition and 
the most striking one—the apparent daily revolution of the celestial sphere caused 
by the rotation of the earth—has from remotest antiquity been employed as a 
measure of time. The interval between two successive returns of a fixed star 
on the celestial sphere to the meridian is called a sidereal day. If we think of the 
heavens as the face of a great clock, the stars marking the hours, minutes, and 
seconds on the face of this clock, perhaps we can better understand how the 
astronomer gets the time from the stars. This clock is just the reverse of our 
conception of the ordinary clock in that the dial—the celestial sphere—turns, 
while the hand—our celestial meridian—is fixed. The point chosen as the begin- 
ning of a sidereal day—zero hours—is that point in the sky that the sun oeeupies 
about March 21 referred to as the first point of Aries or the vernal equinox. 
It is the point on the celestial equator that the sun crosses on its path northward 
from the winter to the summer solstice. Astronomers for hundreds of years have 
earefully observed all the naked eve stars and thousands of fainter ones and 
they know exactly the sidereal time that each of these stars will cross the 
standard meridian. The standard meridian for the entire world is the meridian 
line that passes through Greenwich Observatory. With this information at 
hand, the astronomer is able to determine the sidereal time so that he can not 
only set his clock or chronometer to the time of the stars, but can study its be- 
havior and establish its rate. 








SOLAR TIME 


Sidereal time, sidereal clocks, and chronometers are used by astronomers 
and surveyors in making their observations of heavenly bodies. For all other 
purposes in the activities of our nation mean solar time is used. It is easily 
found by observing successive returns of the sun to the meridian. The length of 
the solar day is not uniform due to slightly variable velocity of the sun’s apparent 
motion and the inclination of its orbit to the equator. For this reason, an im- 
aginary fictitious sun, called a mean sun, is introduced, and is assumed to move 
along the celestial equator uniformly so that all 6 days are equal. From a sun 
dial we get the time of the true sun and from clocks we get the time of our mean 
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sun, or mean time. Four times a year, these two clocks—sun dial and mean 
time—are the same, April 16, June 14, September 2, and December 25. In the 
intervals between these dates the differences are irregular and amount to as much 
as a quarter of an hour. 

The mean solar and sidereal days are each divided into 24 hours. On Sep- 
tember 21, or about 2 days before the autumnal equinox, there is an instant when 
the face of the sidereal clock shows the same time as a mean time clock; 6 months 
later, March 23, or about 2 days after the vernal equinox, these clocks differ by 
exactly 12 hours, showing that the sidereal clock gains 3 minutes and 56.55 see- 
onds per day, or 1 day in a year on a mean time clock. 

Suppose we visit one of these national observatories, whose business it is to 
furnish our country with the correct time. The astronomer will tell us that 
there are two or three sidereal clocks, called master clocks, which have shown their 
reliability through years of constant use. These clocks are mounted on piers 
in vaults perhaps 10 feet or more underground, and not only is the temperature of 
this vault kept constant, but the sealed clock case is partially exhausted of air, 
so that the clock runs in a chamber where the pressure and the temperature are 
absolutely the same day in and day out. His next requirement is a telescope and 
simple recording devices which are controlled by his master clocks. He carefully 
takes observations of the stars which are recorded as they pass in his telescope, 
and from these records he can determine the sidereal time. These operations are 
repeated night after night, week after week, year in and year out, to keep close 
check to see that the clocks are never out of step with the stars. A reliable clock 
has a daily rate of variation of from one-tenth to two-tenths of a second per day. 
From these master sidereal clocks it is a simple matter to determine the mean 
time and the reliability of the mean time clocks can also be established. 

The time, as we look at our watch many times a day, is determined from ob- 
servation of the stars. With the development of radio it is now possible for the 
astronomer to make further comparisons by picking up time signals from Green- 
wich, Washington, Paris, and other national observatories; these exchanges have 
served as a great impetus in attaining greater accuracy in the determination and 
maintenance of accurate time services throughout the world. 
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The Accuracy of a Liquid Hand Compass 


By H. ARTHUR MEYER and EVERETT B. CHAMBERLAIN 


ASSOCIATE PROFESSOR AND GRADUATE ASSISTANT, THE PENNSYLVANIA STATE COLLEGE 


| pretence in foreign-built surveying equipment was stimulated during re- 
cent years when many types of instruments captured during the war were 
brought to this country. A report on the museum of surveying equipment, 
which appeared in the January-June 1947 issue of SURVEYING AND MAPPING, 
deals chiefly with foreign-built transits and alidades. The following study on 
the accuracy of the Meridian liquid compass may be of interest to surveyors, 
geologists, and foresters engaged in surveys with a required accuracy of 1 part 
in 200 to 1 part in 500, approximately. The Meridian compass, produced by a 
small firm in Switzerland, is capable of measuring azimuths with an accuracy 
of from 0.2° to 0.4° (standard error) when used as a hand compass. How- 
ever, a simple Cardanie suspension apparatus, which may be screwed into a 
range pole or sapling, enables the measurement of azimuths with a slightly 
higher degree of precision, indicated by standard errors lying between 0.15° 
and 0.3°. 

Two models of Meridian liquid compasses have been tested. The smaller 
model (No. 1718) can be used as a hand compass only. (See fig. 1.) Its dimen- 


Figure 1.—Meridian liquid compass, Model 1718, used as hand compass. 


sions are 2 by 2 by 0.9 inches and it weighs 5 ounces. In addition to the compass 
it has a built-in level which permits the measurement of gradients in percent 
99 
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and degrees. A holding ring fastened by a Cardanic system allows the instru- 
ment to be held in a fixed position and vertical angles can be read with a degree 
of accuracy sufficient for such work as preliminary surveys of roads and rail- 
ways, forest mapping, prospecting, and geological surveys. In the larger model 
(No. 1717) the level and the compass are in two separate units which can be 
folded together, whereupon the dimensions of the instrument become 1.5 by 1.5 
by 0.9 inches. It weighs 7 ounces. (See fig. 2.) Azimuths and slopes are 





Figure 2.—Meridian liquid compass, Model 1717, with suspension screw 
attached to range pole. 


measured in the same position of the instrument. With a ribbon attached to 
the holding ring both instruments may be conveniently carried in a small shirt 
pocket. 
ACCURACY OF INSTRUMENT 

An extensive series of experimental measurements was made to determine 
the accuracy of the two liquid compasses and to compare it with the accuracy 
of an ordinary surveying compass (Keuffel and Esser No. 5340). The angles 
of a large, medium, and small triangle with average sides of 4.4, 2.2 and 0.7 
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chains, respectively, were measured 12 times. The discrepancy of the sum of 
three angles with 180° was then calculated for each set of measurements and 
the standard deviation of these discrepancies calculated. Since each angle was 
obtained as the difference of two azimuths, the calculated discrepancies repre- 
sent an additive combination of 6 measurements. The standard error of the 
measurement of a single azimuth is therefore \/6 times smaller than the stand- 
ard error of the caleulated discrepancies. These standard errors of measured 
azimuths are listed in Table 1. 


TABLE 1. Standard errors of measured azimuths in degrees’ 


[ Based on measurements in a triangle | 








Instrument 





Size of Meridian Meridian Meridian Keuffel and Esser 
triangle No. 1718 No. 1717 No. 1717 surveying compass 
used free used free used with used with Jacob 
hand hand tripod staff 
Large 0.42 0.30 0.16 0.46 
Medium 0.29 0.22 0.13 0.40 
Small 0.20 0.27 0.27 0.28 
0.19? 


' The corresponding error of an angle taken as the difference of two azimuths is \/2 
times larger. 

* The larger error obtained in a first set of 12 measurements was found to be due to 
inaceurate placing of the tripod. After repeating the measurements using a range pole 
with the Cardanie suspension screw which allowed a more accurate placing of the instru- 
ment above the point, the standard error was reduced to 0.19 


[t is seen that in all cases the measurements made with the liquid compasses are 
as accurate as those made with the standard Forest Service compass. However, 
the liquid compass is less accurate when the distance between points becomes 
smaller than 1 chain and it should then be used only in connection with the 
suspension screw or tripod. For distances between points longer than 1 chain, 
the standard error of azimuths measured with a liquid compass and the corre- 
sponding ratios of precision are as follows: 


Standard error Ratio of 

of azimuth Precision 
Liquid compass used by free hand 0.3° (=18’) 1/191 
Liquid compass used with tripod O23" (=i7') 1/286 


‘ 

It should be remembered that the corresponding errors of angular measure- 
ments are \, 2 times larger. On the other hand, the error of a closed survey 
with less than 20 sides will be smaller than the error given above. Higher ac- 
euracies may be attained by repeated measurements of angles. 











A Practical Application of a Geodetic Control 
Survey and State Coordinate System 


By CHARLES M. DIXON 


DIRECTOR OF GEODETIC CONTROL AND PROPERTY SURVEY, COLUMBUS, GA. 


A S A CITY DEVELOPS, problems arise which can be solved only by the in- 
4 tensive study of its physical attributes. There should be readily available, 
accurate and up-to-date information concerning the topography, the resources, 
the physical development, and the land ownership in sufficient detail to enable 
accurate planning of any project contemplated. 

Undoubtedly, it is true that some of this information is continually being 
obtained for particular purposes, but is unavailable for other uses. Further- 
more, the cost of compiling all of this necessary information at one time, by one 
organization, prohibits such an undertaking. The only recourse is the establish- 
ment of a system by which all physical data, secured by any means, are auto- 
matically correlated so that both detailed and broad-scale information can be 
readily assembled. It is the object of supplemental control surveys' to provide 
the means by which such results can be realized. 

Physical information is obtained by instrumental surveys. The detailed 
data thus obtained are usually represented graphically in the form of maps, 
charts, profiles, and so forth, but it is first procured by field or photographic 
measurement from nearby survey lines. If these survey lines are referred 
mathematically to a standard horizontal datum, as well as to a vertical datum, 
maps, plans, and the positions of property lines can be correlated mathematically 
and graphically; and the information becomes available for any use. Supple- 
mental control surveys are designed to establish the means of using such a 
standard datum. Many advantages are derived from the resulting correlation. 

After an individual or disconnected survey has been made for the preparation 
of a map or plan, or for the establishment of property boundaries, the physical 
markings of the stations of that survey often disappear, or if the survey lines 
have been monumented, the markers are frequently destroyed or lost. Then, 
when the need arises to retrace the original survey for supplying additional in- 
formation, relocating property lines, or connecting a new survey with the old 
work, this lack of permanence introduces difficulties. An entirely new survey 
is often required. After such a new survey has been made, the question of the 
accuracy of retracement may arise at any time, and numerous revivals of con- 
troversial points may ensue. The practice of relying upon monuments, with- 
out reference to primary or supplemental control, will become more and more 
troublesome as property values increase, and will result in increased litigation 
and continued uncertainty of title. If the original survey is connected to a sur- 
vey control system, all of the monuments in the system act as witnesses to the 
work and its permanence is assured. 


Presented at “Short Course on Surveying and Mapping,” Georgia School of Tech- 
nology, Atlanta, Georgia. 

‘The term “supplemental control” as used in this article refers to the additional 
horizontal and vertical control surveys required to fill-in the skeleton framework formed 
by the first- and second-order networks of the U. S. Coast and Geodetic Survey. 
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When a project of considerable magnitude is planned, for which accurate 
surveying is required, a system of control is a necessity. Unless such a system 
exists, triangulation and traverses must be established before making detailed 
surveys to obtain the information required or to fix positions for construction 
purposes. Thus, if a properly designed control system has been previously es- 
tablished, with an adequate number of supplemental stations easily accessible, 
considerable delay and expense will be avoided. 

The purposes of a supplemental control survey may be stated briefly as 
follows: 


1. To provide permanent control for all types of instrumental surveys, 
maps, and plans by supplementing the fundamental control net; and 

2. To establish a basis for referencing surveys to a standard datum by means 
of simple computations so that any station lost or obliterated can be replaced 
from other stations. 

EXPANDING CONTROL THROUGH OTHER SURVEYS 

The establishment of a supplemental control system is a continuing activity 
and every opportunity for expanding the system should be utilized. ‘Two means 
to this end present themselves. 

When once an adequate net of horizontal control of second-order accuracy 
has been established in a certain area, additional surveys of equal accuracy may 
be connected to this net by other agencies and individual surveyors. For ex- 
ample, traverses established for the location of highways could be monumented 
and surveyed by methods of precision instead of the methods usually employed. 
Although such a policy would mean an increase in expenditures at first, it 
would later result in net savings. It has been found that the cost increase for 
a precise traverse, instead of the usual highway traverse, is approximately 8 
percent. The extra expenditure is a very small item when compared to the 
accuracy and permanency obtained. 

With trained field parties there should be no ultimate increase in cost of 
this type of survey over present-day expenditures. As the control on highway 
surveys is built up the system will become permanent, and it will be possible to 
use the control in such a manner as to reduce future field operations and their 
cost. 

The benefits that would accrue to the surveyors and the public from the 
establishment of a control survey, in the form of increased assurance of title 
with the resulting increased value of the land, might well be sufficient to offset 
any extra expense. A highway traverse, as now ordinarily executed, is practi- 
cally useless after the completion of the highway. This is a definite economic 
loss to the public. With a slight increase in original survey costs, the traverse 
could be utilized again and again for future surveys. 

Highways are the arteries that lie through the most densely populated rural 
areas and through the lands of highest value. Thus, supplemental horizontal 
(and vertical) control surveys along highways, and along county roads as they 
are improved, will serve the majority of the people and will be of great value 
as control for all kinds of surveys, mapping, and planning. In mapping, the 
area closest to the control is favored with the highest degrve of accuracy, and 
topographic maps based on control lying along the primary highways will pro- 
vide the most populous and richest parts of the rural areas with maps of high 
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quality. This should certainly be of great value to the public. 

Another means of expanding supplemental control can be utilized. When 
second-order control has been established at half-mile intervals, or less, positions 
of points determined by traverses of an accuracy of 1 part in 5,000 (third- 
order), joining two control points and adjusted to this control, will be found to 
be correct within a small probable error. Such surveys are being made every 
day for bridges, pipe lines, railway purposes, property boundaries, and many 
types of construction. 

The determination of the coordinates of points on these surveys would prob- 
ably require no increased expenditure. In order to use them for control it 
would be necessary only to monument and describe the locations of angle sta- 
tions. Such a procedure, after all, is but the mark of good surveying practices, 
and desirable in any event, so that there would be little extra expenditure neces- 
sary. 

Surveys of important engineering projects are all too often considered of 
minor importance, and therefore are not given careful thought. The resulting 
temporary marks and improperly recorded results have often led to indefinite 
plans and made the surveys useless for future work. 

Frequently these surveys are not closed, except on themselves, and there is 
no certain way of knowing the degree of accuracy obtained. With surveys tied 
to fixed horizontal control, as established by the basic and supplementary nets, 
the technical men directing the project can set standards of quality for survey 
work and enforce their execution. The elevation of the quality of surveys will 
be many times more valuable to the engineering and surveying professions and 
to the public than the cost of the extra work involved. 

Cheap surveys, poorly made, usually prove to be uneconomical because they 
must be completely duplicated when further work is to be done in the same area. 
The establishment of control is a means of realizing economies by eliminating 
repetition. 

It is suggested, as a step in the right direction, that the descriptions and final 
coordinates of monumented points be made a part of the public records and 
properly recorded as such, so that they can be made available to other surveyors 
making surveys in the same vicinity. 

APPLICATION TO BOUNDARY SURVEYS 

Supplemental control coupled with plane coordinates finds an important use 
in boundary surveys. Not only are property corners inadequately monumented 
and, therefore, susceptible to loss under methods in common use, but satisfactory 
descriptions of permanent points of beginning are so unusual that the accurate 
determination of property boundaries by resurvey is seldom possible. Despite 
the legal means provided for recovery of such property line locations, in actual 
practice they are determined according to the best judgment of the individual 
surveyor. So many incompatible conditions exist that the judgment of one 
surveyor is seldom the same as that of another. In addition to this, carelessness 
in writing descriptions abounds. Descriptions of property boundaries do not 
always form closed traverses. Magnetic bearings are used carelessly and not 
dated. True bearings are extended east and west by angles until the convergence 
of the meridians make them useless, as the location of the original determination 
is not stated. Arbitrary bearings are often introduced. Distance measure- 





= ant om 





[ING 


hen 
ons 
ird- 
1 to 
ery 
Any 


‘ob- 
| it 
sta- 
ces, 


“eS- 


of 
ing 


iite 


ied 
ets, 
vey 
vill 


ind 


ney 
ea. 


ing 


nal 
ind 


ors 





A PRACTICAL APPLICATION OF A CONTROL SURVEY 105 


ments are made with less accuracy than that necessary or indicated, and points 
of beginning may depend on indefinite reference points such as street intersee- 
tions or on topographical features that cannot be relocated. Furthermore, the 
usual type of description makes it difficult to determine whether properties abut, 
overlap, or are separated. ' 

With the establishment and use of control and a standard horizontal datum, 
practically all these difficulties will be eliminated. The coordinates of property 
corners will provide permanent references for their recovery and will connect 
the corners to all the control system monuments, which will serve as witness 
marks. They will also relate the location of each corner to all others in the 
vicinity. Review of a property description based upon a controlled and coordi- 
nated survey will indicate immediately discrepancies with reference to adjacent 
properties, and whether a tract or major division of a tract contains sufficient 
land for a desired subdivision. Grid bearings based upon the coordinate sys- 
tem will have a definite meaning that can be determined either from other points 
in the system, or by astronomical observations properly corrected. The use of 
this system, therefore, will reduce the opportunity for disputes, confusion, liti- 
gation, and the resulting damages to land title. 

It is true that a great number of engineers and surveyors hesitate to use the 
State Coordinate Systems established by the U. S. Coast and Geodetic Survey 
because they feel that the requirements are complex and they lack sufficient 
spare time to acquire a working knowledge of the coordinate system. 

One could devote an entire lifetime to the study of coordinate systems and 
map projections and still not completely master these limitless subjects. Is 
this not true of most scientific developments? Few of us know the exact origin 
and underlying phenomena of electricity, but we do know the benefits we derive 
from applying the operation of electrical devices to our every-day needs. Then, 
is it so necessary that we be familiar with the more intricate details of a coordi- 
nate system, or is it not just as well that we give them a practical application 
and derive the vast benefits so easily gained by their application? Progressive 
private and public surveyors of the country are becoming increasingly convinced 
of the utility of the coordinate systems and take every occasion to encourage their 
wider usage. 

Anyone who has done land surveying has used a plane-rectangular coordinate 
system in some form or another. He may not have been aware of it or expressed 
his results in distances east or west and north or south of some single point of 
origin, but he has assumed in the computation of his results that the work is 
on a flat or plane surface, and has referred the bearings of all surveyed lines to 
some meridian. 

REPORTS FROM USERS OF COORDINATE CONTROL METHODS 

In an article, by Mr. George M. Leatherwood, Assistant Engineer, California 
Highway Department, published in Roads and Streets Magazine, January, 1947, 
reference is made to the advantages realized from uses of coordinate control in 
surveys, planning, design, and construction of the expressway in the City of 
Los Angeles, California. To quote: 

In the interim, office engineers are preparing skeleton maps. These maps are single- 
line drawings. They show the proposed route, center lines of the street systems, measured 
distances, adjusted distances, bearings and coordinates to all intersection and angle points. 
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These coordinated skeleton maps are distributed to other agencies that have an interest 
in the project. These agencies use the coordinated map values to tie in and compute what- 
ever work they are doing, the final result being a set of plans and maps containing co- 
ordinate values to important control points. 

The practical use of these coordinated plans and maps is endless; as use on under- 
ground structures of all types with attendant surface connections, under and overpasses, 
on and off ramps, deceleration and acceleration lanes, retaining walls, rights-of-way, and 
property ownership problems. 

WORK IN PROGRESS IN COLUMBUS, GEORGIA 


At Columbus, we are now establishing a control survey net which will in- 
clude the entire city and additional territory to be annexed in 1949. 

In brief, our aim is to have a network of monumented stations of second- 
order accuracy, both horizontal and vertical, so spaced throughout the city that 
surveys made in any sectitn can be controlled by tie lines of not more than 1000 
feet in length connecting to coordinated control points. 

We are more fortunate than most places in that much work has been done 
by federal agencies on the basic net and by the Georgia Geodetic Survey on sup- 
plemental nets. These previously established points are utilized to the fullest 
extent in controlling and expanding our network, thus providing control for and 
checks on our surveys. 

The first usage that we are putting our control system to is in connection 
with a property and utility survey. Our net is not complete, but the positions 
available are being used constantly. 

A complete property and land usage map is desirable for the purpose of 
establishing ad valorem tax evaluations. It is also desirable to have an adequate 
utility map in order that a more complete and economical service can be rendered 
the public. By the application of coordinate control to these maps many prob- 
lems involving the locations of boundaries or structural features are eliminated. 

We had hoped to assign one or two field parties to full time work on the es- 
tablishment of control points. However, the scarcity of personnel and the ur- 
gent need for routine survey work has forced us to use all personnel and equip- 
ment on the routine work at times. This has prevented a speedy completion of 
our control net. 

By correcting errors and revising methods during the past two and one-half 
years, we hope that we have developed a sound and workable procedure that can 
be adapted to any municipal, county, or private surveying unit. 

The remainder of this paper will be devoted to discussions of the organiza- 
tion, equipment, and methods used in conducting our control surveys. 

ORGANIZATION OF PARTY 

We find that for angle observing and taping a five-man party is the most 
practicable. The party consists of a chief of party, an mstrumentman, two 
chainmen, and a rodman. Additional personnel will speed progress and a re- 
duction will retard the speed ; however, the size of the party can be increased or 
decreased without changing the final cost of a complete job appreciably. 

Each member of the party is assigned specific duties to perform in addition 
to the general functions. 

Angular observations and chaining operations are carried on at the same 
time. As soon as obstructions are cleared, the actual measuring is started. 
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The instrumentman is held responsible for measuring and recording all 
angles and for checking targets used for sights to be sure that correct pointings 
are made. 

The rodman helps the instrumentman establish and tend targets. This work 
moves forward as rapidly as angles are turned. 

The chief of party and two chainmen perform the chaining operations. The 
chainmen act as stretchmen, applying the required amount of tension to the tape, 
and the party chief does all checking, marking and recording for each one 
hundred foot length or fraction thereof throughout the line. This same person- 
nel run levels over the line to determine the difference in elevation at the ends 
of each chain length. 

ANGULAR OBSERVATIONS 

At present, we are using a Gurley Hellgate type transit with the horizontal 
plate graduated to 20 seconds and a type ‘‘T’’ reticule, having a single vertical 
marking in the upper half and a double vertical marking in the lower half of the 
field. 

We have found that a range pole mounted through an old tripod serves as a 
very satisfactory target. The tripod is securely anchored and the range pole 
is made secure and held plumb by shims inserted around it through the hole in 
the top of the tripod. The rod can be set plumb by use of a plumb bob with 
long cord, a spirit rod level, or the transit; and can be checked with the transit 
on each pointing. Plumb bob cords or board targets may be used with equal 
success, but more care is required to keep them centered over the point. 

The permanent control points are monumented with brass plates set in the 
tops of conerete columns about 3 feet long. These monuments are placed well 
in advance of the actual traversing to allow them to take their final set before 
they are used. 

The following are the actual instructions given our instrumentmen and they 
carry a copy with them at all times. 


INSTRUCTIONS AND INFORMATION 
FOR TURNING ANGLES WITH A REPEATING INSTRUMENT 

Setting targets—The average limit of closure of an angle is 3” per angle. If the 
angle is about 180° as measured between two lines, each 1000 feet in length, with the two 
targets and the instrument all 1/16 inch off line, the error introduced will be 0”, 2”, or 4”. 
The last (4”) is greater than the allowable error for the angle. For this reason extreme 
care must be used in establishing and maintaining the targets. Not only must the bottom 
section of the target be aligned, but the entire portion of the target that is to be observed 
must be correct. When there is evidence that the radiation of heat waves exists, as along 
paved streets, sand, ete., the center section of the targets will be used as the lower section 
will appear to vibrate and move from side to side. The targets may be set with plumb 
bob or spirit level, but must be checked with the instrument before and during observa- 
fions. 

Setting up instruments.—Extreme care shall be used in placing of legs of tripod 
in order that they will rest on firm ground and not move when observer operates the instru- 
ments. The movements of the observer around the instrument shall be reduced to an 
absolute minimum. Be sure that the instrument and tripod is not in strain. 

Turning angles with repeating instrument.—Angles shall preferably be measured 
early in the day, or in the late afternoon. Angles shall be named or numbered, measured, 
and tabulated in a clockwise direction. Readings shall be made to the smallest vernier 
unit in all eases. 
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This method involves successive instrumental additions of the angle, so that the total, 
or sum angle, is accumulated on the ecirele, followed by a division by arithmetic of the sum 
angle according to the number of times it has been added on the circle. All angles meas- 
ured with a repeating instrument must be measured by one or more sets of turns; but no 
set is acceptable until similar sets have been made on one or more other angles which, 
together with the original angle, comprises the entire horizon at the station, thus affording 
a horizon closure adjustment. In the case of the single angle at a traverse station, the 
original set must be supported by a similar set on the horizon closing angle; in this case 
the explement of the original angle. Therefore, 24 angle turnings are required to make 
one acceptable set. 

Field procedure for the measurement of a single traverse angle. 

1. Record stations in Col. 1. 

2. Reeord time and date. 

3. Set telescope direct and record D in Col. 2, and repetitions in Col. 3. 

1. Set vernier A at Zero, using upper motion, and record 0°-00’ in Col. 4, and see- 
onds in Col. 5. 

5. Read vernier B and record seconds in Col. 6. These two are initial readings. 

6. Point on Sta. 1, using lower motion, bringing target into position by a right-hand 
movement so that pressure will be brought against the spring. This is the initial point. 

7. Point on Sta. 3, using upper motion, bringing instrument on target with pressure 
against spring. 

8. Unelamp lower motion, ealling “one,” aloud to denote one repetition. The clamp 
must be loosened at this time, previous to the reading of the vernier, in order to free the 
instrument, to prevent the vernier from being slipped, accidentally, along the cirele, and 
to enable the instrument to be turned so that proper light falls on the verniers. 

9. Read and record Vernier A. 

10. Point on Sta. 1 using lower motion, then on Sta. 3 using upper motion and 
continue until three repetitions have been made. 

11. After last repetition is completed unelamp lower motion, read and record both 
A and B verniers. 

12. Make three more repetitions in the same manner to get six times the angle. 

13. Uneclamp lower motion, read and record both A and B verniers. 

14. Invert the telescope. Without changing the vernier reading, point on No. 3 
as initial, using the lower motion. Using upper motion point on Sta, 1. Note that in 
doing this the explement angle is being added instrumentally to the previous sum reading, 
which corresponds exactly to the subtraction of the original. This is sometimes called 
“unwinding the angle.” 

15. Continue similarly for six repetitions. The effect of six additions of the ex- 
plement angle being the same as six subtractions of the original angle, the final sum 
reading should be approximately zero. 

16. Read and record both verniers. If the mean of the initial setting and the mean 
of the last readings varies more than 60” the set must be rejected and the angle re-turned, 
but all notes are to be saved. 

This completes one set. It is as yet unacceptable, however, for it must be supported 
by a similar set on the horizon-closing angle (in this case the explement angle), so that 
a horizon-closing adjustment can be made. The next step, therefore, is to repeat the 
foregoing procedure, applying it to the angle between line to Sta. 3 to Sta, 1. 

Field notes are recorded in a loose-leaf notebook and today’s work is left in the office 
where the notes are checked and computed tomorrow. 

A sample set of one set is shown in Table 1. 


LENGTH MEASUREMENT 


The equipment used in taping procedure is about the same as used on ordi- 
nary surveys. 
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TaBLE I.—Sample set of observations 


OBSERVER’S DATE 
NAME—Lee November 17, 1948 


STaTion OccuPprED—TX1-8 


OBJECTS No. 


ANGLE A B 

OBSERVED D/R Rept. . . 
TX1-7 D 0 0-00 00 00 
To D ] 269-58 00 00 
TX4-1 D 3 89-53 20 20 
D 6 179-46 20 20 
R 6 0-00 00 00 
TX4-1 D 0 0-00 00 00 
To D | 90-02 30 Ah) 
TX1-7 D 3 270-07 00 00 
D 6 180-14 00 00 
R 6 0-00 10 10) 


We keep at all times at least three 100-foot steel tapes that have been stand- 
ardized by the National Bureau of Standards. One is kept in the office for 
periodic comparison with the field tapes. Any tape that is acceptable for certi- 
fication may be used, but we find that a tape with an additional foot divided into 
tenths and hundredths is very satisfactory. 

A metal frame was made to protect the thermometer that is attached to the 
forward end of the tape with the bulb in direct contact with the tape. 

A spring balance is used on the forward end of tape to regulate the pounds 
of tension pulled. We use a balance reading up to 30 pounds graduated in 4 
pound divisions. 

We use well-seasoned 2-inch by 2-inch stakes, about 30 inches long, driven 
firmly into the ground to tape over instead of bucks in open territory, and strips 
of two inch adhesive tape placed directly on the pavement along paved streets. 

Range poles make very satisfactory stretcher bars. 

As taping operations proceed, the wooden stakes are driven firmly into the 
ground and lined in with a transit as they are driven at approximately 100-foot 
intervals. Metal plates are attached to the top of the stakes to receive marks 
made with a fine-pointed pencil. We find that stakes are more satisfactory 
than bucks. We tape both forward and backwards and stakes are not as easily 
disturbed during the period of time between tapings. Also stakes remaining in 











110 SURVEYING AND MAPPING 


their original positions allow the taping personnel to run levels to determine 
differences in elevations at each stake. 

The tape is stretched out and the thermometer is attached and allowed to 
assume field temperature while the stakes are being lined and driven. 

The 100-foot or even foot-mark is made to coincide with the station mark by 
the rear stretch man. The required amount of tension is pulled by the forward 
stretch man and the chief of party makes a mark on the metal plate or adhesive 
tape with a hard, fine point pencil at the 0 mark or even tenth mark near the 0 
mark upon a eall of ‘‘Good’’ from both stretch men. 

The tape is made to swing freely above the stake but almost in contact with 
it. The tension is released and reapplied allowing the party chief to check the 
measurement. Each tape length is recorded and set-ups and set-backs are not 
used, as measurements to hundredths only occur when a line is tied into a for- 
ward monument. The temperature is recorded for each tape length. When 
one measurement of the line has been completed the tape is reversed and dupli- 
cate taping is run in the opposite direction. 

As soon as taping in both directions is finished levels are run over all points 
or stakes using the monuments at each end of the line as bench marks. 

OFFICE’ COMPUTATIONS 

The office force receives the notes soon after the field work is completed and 
immediately starts processing them. A quick visual check is made to find bold 
errors. 

The next office operation is to compute each angle turned and its explement, 
thereby determining the error in horizon closure. If the error is not more than 
5 seconds a correction is applied to each angle in order to distribute the error 
equally. 

This computation is made for all angles within the traverse line and if angles 
show an average adjustment in each case then a form sheet for the computation 
of preliminary grid azimuths is set up. This sheet carries azimuths of all initial 
and closing lines and the angles from the backsights to foresights. The azimuth 
for each course is computed consecutively by addition to the original fixed 
azimuth, through to a fixed closing azimuth. The error of closure is determined 
and the correction equally distributed. By adding or subtracting these adjust- 
ments to the computed azimuth, a corrected azimuth is obtained. These cor- 
rected azimuths are then transferred to the first column of a form used for the 
computation of coordinates. 

Next the taping notes for both forward and backward tapings and the tem- 
perature readings are transferred to a form set up for the application of the 
temperature correction. The correction required to convert a recorded measure- 
ment made at any temperature to the length corresponding to the temperature 
at which the tape was standardized is taken directly from tables. The tabular 
correction is for 1 foot and can be applied to a full tape length or fraction 
thereof. <A final average corrected length is obtained for each course after all of 
the corrections have been applied. 

The corrected distances are then transferred to the first column of a form 
used for the computing of slope, sea level, and scale corrections. The level notes 
are reduced and the difference in elevation for the ends of each tape length is 
recorded. The correction for these differences in elevation is taken from tables. 
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After this correction, which is always minus, has been made, a sea level redue- 
tion factor is applied and the measured length of each course reduced to sea 
level datum to obtain the geodetic length of the line. A seale factor is next de- 
termined for our position west of the central meridian and this is applied to the 
geodetic length of each course to secure a grid length. 

The computed grid distances are then transferred to column two on the form 
for use in computing coordinates. We are then ready to determine the depar- 
tures and latitudes. The natural functions, sine and cosine, of the grid azimuths 
are next recorded. Log functions may be used, but we calculate with a 
machine and, therefore, use natural functions. Departures and latitudes are 
then determined by multiplication and recorded with their correct signs. 

Starting with the fixed coordinates of the initial station, the computed values 
of the latitudes and departures are added or subtracted in succession and pre- 
liminary grid coordinates are determined for each station. The work is then 
closed on a set of fixed coordinates and the error of closure ascertained. If this 
error is within the limits of our specifications for second-order work, a correction 
is applied and the final adjusted coordinate values determined for each station. 

Using the final coordinates, the corrected lengths and azimuths between 
stations are computed. 


In conclusion, I would like to say that it is my opinion that a program, such 
as is being conducted in Columbus, can be carried on by any municipality, 
county, state, or private surveyor. I realize that the best results can be ob- 
tained only with the most modern equipment and highly trained personnel, but 
a control system of great accuracy can be had through the employment of the 
usual equipment and personnel as maintained in any engineering or surveying 
organization. 

The use of a little planning and forethought, hard work, and supervision, 
can partially off-set the lack of high-priced equipment and personnel and can 
produce results of a satisfactory degree of accuracy. 








Ways and Means of Surveying and Mapping 
as Used in Making County Maps 


By ROY A. FLYNT 


STATE DIRECTOR, DIVISION OF HIGHWAY PLANNING, STATE HIGHWAY DEPT. OF GA. 


hes THE EARLY YEARS of Georgia’s highway development, following the 
creation of the present form of Highway Department, decisions were easily 
made regarding construction projects to be undertaken, since practically all 
roads were unpaved, and few were improved to satisfactory grades and lines. 
So long as any proposed construction was on an important road it was justifiable 
as needed work. 

This condition has continued, but with gradually decreasing emphasis on 
need of new construction and a rapidly increasing need for reconstructing the 
important roads, many of which long ago ceased to be adequate. These impor- 
tant roads, being the first ones paved, and built as they were to standards of 
27 years ago, were not designed for the high speeds, heavy weights, or dense 
volumes of today’s traffic. Their traffic services were becoming inadequate by 
the late thirties and the need for a revision of planning policies was growing. 
But before the right medicine can be prescribed a diagnosis of the troubles 
must be completed. Diagnosis depends upon knowledge of symptoms and a 
correct understanding of existing conditions. Detailed knowledge of Georgia’s 
road status and traffic demands was meager. 

In 1936 and 1937, in cooperation with the Federal Bureau of Public Roads, 
the states established State-wide Highway Planning Surveys to inventory the 
physical plants, learn about traffic demands, and to discover the financial status 
and requirements of their road systems. Georgia joined in this work in 1937. 
There existed practically no maps of Georgia’s counties on a seale or with the 
details required for highway analysis, and for location studies. The necessity 
for obtaining usable maps was most urgent. It was determined that first atten- 
tion of the Planning Survey must be given to obtaining good maps, and so they 
had to set about the job of making them. 

Georgia covers 58,876 square miles of the earth’s surface. It is divided 
into 159 counties. It contains 95,000 miles of public roads. Surveys deter- 
mining locations of these roads, and other features of the landscape, if done by 
precise engineering methods, would prove such a stupendous task that neither 
the time, the forces, nor the money would be available within a reasonable 
period. Nor would the uses to which these maps would be put and the seale to 
which they would be drawn require such precise methods. The problem was 
to quickly develop maps of the whole State having accuracy enough to be 
usable, with control of sufficient rigidity at each step that each separate map 
would fit with maps of adjacent counties, and be uniform in character with all 
the others in the State, and with those of neighboring states. 


GEORGIA COORDINATE SYSTEM 
When the system of State Coordinates was set up, in 1937, it did not take 


long for the Director of the Planning Survey, and his corps of assistants, to 
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learn that here ready at hand was a control system, simple enough to use readily, 
complete enough throughout the State to be applicable in every county, and 
rigidly accurate enough to use for tying into, to obtain the best possible control 
of all the mapping. 

This system was the U. 8. Coast and Geodetic Survey network of traverse 
and triangulation points and the thousands of other reference marks tied into 
this network by the C.W.A. and W.P.A. engineers during the lean years of 
the depression just preceding. 

In turn, the positions of all these points had been computed in the Georgia 
Coordinate System established by the Coast and Geodetic Survey. This Georgia 
Coordinate System had been developed on the transverse Mercator projection. 

The transverse Mercator projection is a projection developed for converting 
a representation of a section of the earth’s curved surface to a plane surface, 
and subdividing this plane surface into rectangular grids so that by sealed co- 
ordinates accurate location of all survey points can be plotted by the familiar 
latitude and departure method. 

THE FIELD SURVEYS 

The organization of the State Headquarters of the Planning Survey, fol- 
lowed in turn by the establishment of six District Offices, each headed by a Dis- 
trict Supervisor, permitted the early formation and equipping of field parties to 
make the necessary inventory surveys in Georgia, and provided for the close 
supervision this work required. 

Hach field party consisted of a party chief and a recorder. Each party was 
equipped with a ear, usually owned by the party chief. The odometer, or 
mileage measuring section of the speedometer, was required to be in satisfactory 
condition, and accurate. To obtain accuracy the air pressure in tires was tested, 
the most suitable pressure ascertained, and a tire gauge was used for obtaining 
and maintaining the proper pressure. On a measured course, in the area to 
be surveyed, test runs were made to ascertain the correction factor required for 
the odometer. That factor was applied to all measurements made with it. Ae- 
curacy in measurement of distances within 2 percent of correct was aimed for, 
and obtained if possible. 

The party carried a good compass; 50- and 100-foot measuring tapes; 6-foot 
rule; shovel; mattock; tacks; shipping tags; hammer; and a supply of the re- 
quired printed forms, pencils, and erasers. 

The best available map of his area was furnished the party chief, with the 
Coast and Geodetic Survey monuments plotted on it, and he was furnished with 
copies of the official descriptions of each monument taken from the Coast and 
Geodetic Survey lists. On the map the party chief kept a record of progress 
of the survey and by it he kept track of the ties to be made to the official 
markers. 

In beginning the survey in any county the party chief selected a road on 
which geodetic control stations had been established, and a starting point on 
that road was chosen. This was usually on a State route and the starting point 
was usually at a county line or at a central point in the county seat. 

When the first road was traversed another important road in that area of 
the county was selected and traversed, these two were then joined by a local 
road, completing traverses around an area. Within this area the other roads 
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were then traversed and the area completed. Then another portion of the 
county was blocked off, tied in, and completed. The entire county was then 
inventoried. 

Each road was assigned a number by the party chief at the time he began 
his survey, these numbers starting at Number 1 in each county, except, of 
course, the State routes which were shown under their own proper numbers. 
As beginning points were established, tags were tacked up to indicate the road 
number and odometer reading, and as each successive road intersection was en- 
countered along the route these tags were also put up, having entered upon 
them the number of the road being surveyed, and the odometer at that inter- 
section. 

As the party moved forward the survey notes were recorded on special forms, 
identified as ‘‘HPS-6.’’ The recording was in straight-line diagrammatic form, 


moving up the sheet, using symbols and abbreviations which reduced the labor 


of recording and very materially speeded up the field work. 

Entries were made to indicate bearings of all tangents, odometer readings 
at P.1.’s or tangent intersections; complete descriptions of roadbeds, by types 
and width of surface, widths of roadbed, right of way, type, and condition of 
drainage. Entries were made showing location and class of buildings, struc- 
tures, and other cultural features; city limits, and county lines. All bridges 
and railroad crossings were completely described according to specified require- 
ments. 

Careful location and measurement notes were made to tie to a sufficient 
number of the Coast and Geodetic Survey monuments near each road, as the 
party progressed, to provide for rigid control in checking and plotting the sur- 
veys. Survey continued on each road to its intersection with another road, to 
a county line, or where the road terminated at some town or other point. 

Each road was assigned its correct classification, whether State route, county 
road, U. S. Forest road, or other. Each road was tied to all others intersecting 
with it by odometer equation, enabling the plotting to be accurately tied to 
form the completed road net. 

Recording of details of cultural features was omitted through incorporated 
places, as these places would usually require more thorough and extended sur- 
veys than this phase of work was designed to cover. However, the road surveys, 
ineluding alignment, widths, types, classification, and intersections with other 
main roads, were continued far enough in and through such places to permit 
platting the road connections accurately. The surveys in unincorporated places 
were on the same basis as the rural sections and included all cultural and other 
features. 

The inventory and traverse work was designed to be not a precision survey, 
but a complete inventory of existing rural highway facilities, and to identify 
and locate the sources and destinations of highway traffic. The location, shape, 
and size of the urban areas were obtained in the survey. The population was 
obtained from official records of the Bureau of the Census. 

Detailed traffic and other necessary studies in a number of cities have been 
completed, and others are under way, these include Brunswick, Savannah, At- 
lanta, Waycross, Columbus, Macon, Augusta, Athens, and others yet to be 
started. These studies are also being made by the Division of Highway Plan- 
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ning, in co-operation with the Public Roads Administration, and consultants 
have been employed to aid on some of them. 


PLOTTING THE SURVEYS 

In preparation for plotting the map, a grid sheet was prepared on sea- 
soned drawing paper on which the grid lines were plotted to the correct scale 
at 25,000 feet intervals, horizontal and vertical. The vertical lines for those 
counties in the eastern zone of Georgia are parallel with the meridian 82°10’ 
west longitude, the horizontal lines being at right angles to it. Using the U. 8. 
Coast and Geodetic Survey coordinates for the intersections of the 5-minute 
lines of latitude and longitude, these lines were plotted on the grid sheet. All 
plotting was from the grid coordinate lines, however, and not from the latitude or 
longitude lines. On the finished map both sets of lines could be referred to as the 
margins contain stubs of both sets, showing their values. ‘‘Ticks’’ were shown 
on the map indicating intersection points of the coordinate grid. 

All monuments or markers described by the Coast and Geodetic Survey 
were plotted in their proper position on the grid sheet, using the computed co- 
ordinate distances furnished by that survey. The ‘‘X’’ coordinate distances 
were scaled eastward or westward from the proper vertical meridian or line 
drawn parallel with it, and the ‘‘Y’’ coordinates were scaled in a northward 
or southward direction from lines drawn at right angles to the vertical meridian. 
The zero point for the ‘‘ Y’’ coordinates is the 30° parallel of north latitude. 

Railroads, along which many of the Coast and Geodetic Survey traverses 
were run, were plotted on the grids to serve as controls. 

From the field notes on Form HPS-6 a coordinate sheet on Form HPS-8 
was prepared. A separate sheet was prepared for each road traversed. It in- 
cludes the odometer readings for each intersection of the road tangents, and 
the compass bearing for each tangent. Using the distances measured and the 
bearings read, the latitude and departure figures were tabulated in columns 4 
and 5. These were computed or picked from traverse tables as found most con- 
venient. North latitude is considered as plus, east departure is plus, while 
south latitude and west departure are both minus. 

Closures on known points within 5 percent of their correct positions, in 
traverses of not more than 10 miles in length, and within 3 percent where the 
traverse lengths were over 10 miles, were required. It was intended that points 
on the traverse when plotted from unadjusted notes, should be within a quarter 
mile of correct position. 

When the traverse was completed and came within required tolerance, the 
computations for latitude and departure were adjusted in the field office to 
compensate the errors of closure and the balanced traverses were then plotted. 
or ease of drafting and proper orientation, the traverses were first plotted on 
separate'sheets of paper. When considered correct these sheets were properly 
laid out and fitted to the grid sheet by matching the geodetic tie points, and 
other control stations, then the points of angles (or P.I.’s) of road tangents 
were pricked through to the grid sheet, and the lines plotted in on the grid sheet. 

On the grid sheet, in addition to the road traverses and railroads, were 
shown the bridges: points of crossing drainage features; fords; overpasses; un- 
derpasses; railroad crossings; city limits of incorporated towns; and the im- 
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portant road connections within their limits; unincorporated villages; and the 
points of crossing at county lines. 

City maps or plats were used whenever available to plot the incorporated 
areas, or the legal descriptions of boundaries were obtained from the Acts of 
Incorporation and these limits plotted. 

All county lines, State lines, and stream courses were located from field 
notes, U. S. survey maps of various kinds, and references to maps of counties 
or other states concerned. These were all verified and correlated as accurately 
as available information permitted, and plotted on the grid sheet. 

When all data have been plotted on the base grid sheet the preliminary 
county base map, traced in ink on linen tracing cloth is prepared to standard 
size. Georgia county maps are made 36 inches wide, and such length as the 
size of county and seale of map require. A 2-inch binding edge is provided 
along the 36-inch dimension, and the tracing is oriented so that the north point 
will point toward top of the drawing or to the binding edge, so the binding edge 
is either the western or northern edge of the map. 

The map scales are either 1 inch to 1 mile, or 2 inches to 1 mile depending 
upon the congested condition of the roads and other details in the county. 

Space was allowed in laying out the tracing sheet for the title, and legend, 
and other general and special information. Unincorporated places and other 
congested areas in the county are shown as inserts, enlarged to about 8 inches 
to the mile, in convenient space provided on the tracing sheet. 

When all information had been traced off the base grid sheet, a black and 
white print was made, on which all cultural items were plotted from field notes; 
drainage systems from all available sources; State and Federal parks from in- 
formation obtainable; such topographic features as peaks, lakes, et cetera, as 
could be found and identified; airports, and all other pertinent information. 

Field checks were made, using this black and white print, to clear up any 
dubious points. Coordination to agree with maps of bordering counties was 
perfected, then the linen tracing was finally completed and prints made. The 
finished map was at this stage reviewed by proper county officials and Public 
Roads Administration engineers, and when O.K.’d by them the map was con- 
sidered ready for release. 

State agencies, Federal departments, county officials, oil drilling companies, 
and literally hundreds of individuals have purchased and used these maps. 
They have had many checks by these persons. If serious errors have been dis- 
covered the Planning Division should have been informed. 

Only the base maps have been prepared as yet. A new series showing paved 
roads and other surface types will be next prepared. 

Records kept during the period of the field surveys indicate that the total 
field cost was less than $1.00 per mile, exclusive of the cost of supervision, and 
a party made completed traverse over some 17 miles of road per day.’ A fur- 
ther analysis shows that the drafting averaged about $1.75 per mile, indicating 
that the approximate survey and mapping cost was less than $3.00 a mile, 
which is believed reasonable in view of the great usefulness of these maps. 
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Magnetism in Surveying and Mapping 
By COMMANDER ELLIOTT B. ROBERTS 


CHIEF, DIV. OF GEOMAGNETISM AND SEISMOLOGY, U. S. COAST AND GEODETIC SURVEY 


HANK YOU for the opportunity of talking to you today about a subject 

of ancient interest which still gives us occasional surprises. When I was 
first asked to discuss this topic with a group whose main interest is surveying 
and mapping, I feared that many of you would consider geomagnetism as hav- 
ing little place in modern surveying practice. This is not exactly so, and I 
would like to show you why. 

I am reminded of an official, once high in Government councils, who asked 
about the effect of geomagnetism upon the human body. Unfortunately, I could 
give him no adequate answer, but referred him to a book by a friend of mine on 
‘*Sunspots and their Effect on Human Life.’’ After all, I reasoned, sunspots 
do affect geomagnetism. If nothing else, perhaps L helped to promote a sale of 
my friend’s book. It was surmised later by our friend, Admiral Hawley, that 
in his youth the official purchased one of the so-called ‘‘magnetic health belts”’ 
advertised in all the cheapest magazines. In such case he has probably won- 
dered ever since if he were completely stung! 

Actually, geomagnetism is important to the surveyor. To help make this 
clear, | shall recount some beginnings. 

The discovery of the earth’s magnetic field, and the invention of a rude mag- 
netic compass, were achieved some centuries before the time of Columbus. 
These are among man’s most far-reaching technical accomplishments. When the 
compass was improved to the point where it served as a reasonably reliable and 
practical basis of navigation, it meant an end to the fearful gropings about the 
coasts. An insistent new spirit of bold adventure asserted itself and ushered in 
the age of exploration. Basie as these scientific accomplishments were, they 
dealt with an inscrutable force enveloping the earth, which has never been com- 
pletely explained. Science has learned neither what created nor what maintains 
the magnetic field, nor why it changes as it does. 

At the close of the 16th century, the dawn of a new age of physical science, 
Dr. William Gilbert realized that the earth acted somewhat like an enormous 
spherical magnet, just as if there was a small powerful bar magnet near fhe 
center. Actually, it is probable that the field is produced by electric current 
systems in the earth, rather than by a fixed magnet. Nevertheless, the analogy 
was a good one. If such a small magnet with its poles did exist far within the 
globe, it is apparent that there would be nothing like a specific ‘* pole’’ any- 
where on the surface. Wrong thinking on this elementary point has profoundly 
distorted most common ideas about the so-called ‘‘magnetie pole.’’ Actually, 
there are large, vague, shifting areas where the lines tend toward verticality. 
The condition is hard to observe and hard to delimit. It incidentally makes the 
ordinary compass useless in the vicinity of such areas. 

One of the most persistent quests in the realm of science has been directed 
toward the measurement and study of the geomagnetic field. Numerous tries 

Presented at Eighth Annual Meeting, American Congress on Surveying and Mapping, 
Washington, D. C., June 21—23, 1948. 
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have been made to locate the pole and magnetic services have made magnetic 
surveys of considerable patches of the globe. 

Among the more significant lessons learned is that the outer crust of the 
earth distorts the field into countless irregularities. These are associated with 
individual boulders and ore deposits, and also reflect major geological and 
tectonic forms. The more closely geomagnetists examine the details cf this 
magnetie field, the worse and more numerous become these twisted convolutions. 

What is perhaps more confusing still are time fluctuations of the utmost 
complexity. The magnetic field is no frozen image. Like the face of the sea, 
it is constantly in restless motion. Measurements must take account of this 
magnetic ‘‘weather,’’ which cannot be predicted nor reduced to law. These 
magnetic variations include a daily cyclic change of foree and direction, and 
the violent derangements known as ‘ 
disturbances. 

The most significant of the time variations is the long-period, or secular, 
change. Irregular and unpredictable, this change may continue hundreds of 
years in one direction, but inevitably it reverses. The change in a year may be 
slow—perhaps but a few minutes of are—but it has all the time in the world, 
and the total change is great indeed! There have been many efforts to assign 
a law to this change, but these efforts have all failed. There is no law! 


‘magnetic storms,’’ which result from solar 


An unceasing watch is required to keep track of the variations. Today there 
are some 50 magnetic observatories where variometers, well shielded from tem- 
perature changes and mechanical disturbances silently record the effects of 
the play of electric currents in the earth and in its atmosphere. These obser- 
vations have practical importance of high order. From them is learned the 
amount of variation from normal at any time. Through them are studied sun- 
spot activity, auroral phenomena and related ionospheric disturbances, radio- 
wave propagation, and problems of earth structure. 

The great practical use of earth magnetism is as a frame of reference. It 
did not take early navigators long to appreciate the usefulness of this force, 
which they thought to stand steady over land and sea, through darkness and 
storm. In the twelfth century they found how to use the magnetic qualities of 
magnetite, an age-old curiosity of medieval philosophers. The compass is a 
simple little gadget which could be improvised by anyone today. Yet, it lib- 
erated the navigator from his bonds and profoundly affected the course of world 
events. 

Western Europe at the time had small declination, and popular belief was 
that it showed true north, except for trifling errors of construction or use. 
Columbus’ crewmen were frightened when they found the compass deviating a 
whole point from the north star. Columbus quieted them with a tale about the 
star having moved, and told them to recheck later, whereupon Polaris was 
found in its accustomed quarter. The legend does not say, but possibly the 
navigator secretly adjusted the compass. This, if true, was doubtless the origi- 
nal compensation job of all time! 

Be that as it may, the world learned in the same century that magnetic dee- 
lination, which mariners and surveyors sometimes loosely term ‘‘variation,’’ is 
great enough to require correction. Declination of the main magnetie field in 
the United States ranges from 22° west in Maine to 24° east in Puget Sound. 
Adventurers in the Arctic find the compass pointing everywhere—even south! 
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Local disturbances abound, such as one in Delaware where declination varies 
9° in a few miles. I hope it is by now self-evident to you that the compass re- 
sponds according to the pattern of this magnetic field, and that it does not 
point to any kind of pole, magnetic or otherwise. 

Many early surveyors, finding the compass a more convenient instrument 
than the astronomic telescope, defined directions as compass bearings. They 
should be excused if they supposed such lines would be easy to duplicate. They 
had no observatories and little realized how great the changes of time would be. 
So they burdened their posterity with a tremendous vexing legacy of deeds 
written in terms of magnetic directions of fifty, or one or two hundred years 
ago. A common problem of today’s surveyor is the recovery of such lines. 
Who can say what has happened to the needle in the meantime? 

As surveyors, you probably are familiar with many of the possible en- 
tanglements resulting from the use of magnetic directions. Some of you have 
doubtless encountered a succession of conveyances of widely separated dates, 
and all stating identical magnetic bearings. This, mind you, in the face of 
your certain knowledge of a shifting needle in the meantime. A bad compli- 
cation stems from a quirk of terminology that crept into much of the contract 
surveying during the opening of homestead lands. There ‘‘variation’’ too often 
meant the over-all discrepancy between a line as run and the nearest cardinal 
point of the magnetic compass—not even approximately the actual declination. 
All of these things reflect a ‘‘sweep it under the rug’’ philosophy which even- 
tually contributed to the demand for solar azimuths. 

Considering the complex pattern of the field itself, and the varied kinds of 
more or less irregular change in the field, it is quite a trick to state the change 
for almost any place in our land, and for any period of time since the colonies 
were settled! Only a research office equipped with voluminous records and 
trained specialists could do it. 

A common task of the Coast and Geodetic Survey is to furnish such infor- 
mation. A large number of inquiries are so answered. Ability to meet this 
need depends on the study of old records, the performance of many widely scat- 
tered observations, with many ‘‘repeats’’ over the land, all kept up during the 
years. A Bureau publication titled ‘‘ Magnetic Declination in the United States, 
1945’’ contains data intended to permit solution of this problem by a surveyor 
in the field. 

A prominent part of the work of a magnetic service—of the Coast and Geo- 
detie Survey, in fact—is the making of magnetic surveys and charts. Though 
of somewhat less direct importance to the land surveyor, this branch of cartogra- 
phy is essential to navigation. The charts are moreover used in many scientific 
studies and in practical applications not requiring the precision that would be 
available at specific points. 

In view of the complex pattern of the geomagnetic field, it is clear that, to 
capture its details, an area must be blanketed with a comprehensive magnetic 
survey. This requires the occupation of a great many stations. The task is 
time consuming and tedious for observations for intensity and direction at each 
station require a whole working day, even when conditions are favorable. The 
results can be largely cleared of the troublesome short-time fluctuations by use 
of corrections drawn from the record of the nearest magnetic observatory. 

It is manifestly impossible to complete the magnetic survey of the country 
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at one time. Consequently, scientists must exercise ingenuity and reduce ob- 
servations, scattered in time, to a common epoch. This, in itself, is a task of 
major complexity in view of the irregularity of the changes. The aim in re- 
ducing to a common epoch may be likened to that of the painter who does a 
sitter’s portrait bit by bit over a long period, yet is expected to capture the 
whole personality as though photographed in an instant. 

The United States general magnetic survey has been a long job. Alexander 
Dallas Bache, the grandson of Benjamin Franklin and one of the early Super- 
intendents of the Coast Survey, gave it the initial impetus a hundred years ago, 
with pivoted instruments especially developed for the purpose. The files of the 
Coast Survey now inelude observations of declination from more than 8500 sep- 
arate stations in the United States. Their distribution is far from uniform, 
however, and there are several large areas in the West where the survey has 
still not attained the minimum goal of one station per county. 

Three things about these magnetic stations merit the special interest of the 
surveyor. First, they are described and marked for easy recovery. Second, 
they are related to objects of known azimuth, which are visible at tripod level. 
Finally, they constitute stations where the values of the earth’s magnetic field 
are well enough known to permit testing a compass. Because of these values, 
every possible effort is made to protect the stations against damage by con- 
struction, erosion, or otherwise, and also against interference from encroaching 
magnetic objects. Permanence is particularly important because there must 
be a wide selection of repeat observations to disclose the secular change which 
will be used in reducing values to epoch. 

Recent technological advances promise an ability to take magnetometers 
aloft in aircraft, as has recently been done with magnetic detectors in the sery- 
ice of magnetic prospecting. Tremendous speed of coverage is an obvious ad- 
vantage, but there are others. The Arctic, the ocean areas and other places 
hitherto inaccessible can now be reached. The magnetic observer can rise above 
the trivial irregularities that hamper such work on the ground. The result will 
be smooth generalized charts, obtained at actual flight levels, as required for 
purposes of air navigation. 

Magnetie charts are of various kinds. There are charts to show magnetic 
force and charts to show the direction of the field, all divided into vertical 
and horizontal components, to suit almost all needs. Particular mention is made 
of the chart of horizontal direction. A very obvious type is the magnetic 
meridian chart. This looks smooth, because the lines do not emphasize the 
small local irregularities as much as they do on other types of charts. It is 
simple, easily interpreted, and business-like in all but one respect—scaling direc- 
tions on such a chart is awkward because curved lines are involved. Such 
charts have not found great use, although there is some demand for them, par- 
ticularly for Arctic areas where other types are especially complicated. 

The isogonie chart, now over 300 years old, is an ingenious device permit- 
ting quick reading of the charted declination anywhere by simple inspection. 
It consists of isogonic or ‘‘equal-angle’’ lines, the loci of the various values of 
declination for a given epoch. Its construction is a special art. Because of 
the problem of local irregularity, it is not simply a matter of plotting the ob- 
served values and threading the isogonic lines among them. Such lines would 
grossly exaggerate the extent of unimportant local anomalies that happened to 
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be at station sites. The result would be as unreal as an attempt to construct 
contour maps of rough topography on the basis of one rod point for each fifty 
or a hundred square miles. 

The actual process of compiling the lines of isogonie charts involves a con- 
siderable skill seasoned with mature judgment. The result must be a realistic 
but generalized view of the subject, with the larger anomalies suitably indicated 
but not exaggerated, and with just the amount of detail to serve with the 
greatest possible value without a ridiculous confusion of irregularities. 

[ assure you that we have given only a slight intimation of the complexities 
involved in the process of magnetic cartography, and of the skill, judgment, and 
artistic qualities demanded of those compiling such charts. 

Along with the down-to-earth applications of geomagnetism, the worker in 
this field is ever conscious of its deep-rooted connections with all the other as- 
pects of geophysics. He knows that all the anomalies, magnetic storms, and the 
other phenomena are fundamentally significant. Being only human, however, 
he is sometimes tempted to emulate a recent correspondent who asked for ad- 
vice. She was tired of teaching school, and she wanted to move to a better part 
of the country. On account of her heart condition and her sinus infection, she 
sought a location where there would be a mild climate and no earthquakes, 
droughts, floods, tornadoes, voleanic eruptions, or magnetic storms. If she 
finds such a Shangri-la, we hope she’ll tell us—we want to go too! 


a 
«& 
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An Interesting Problem 


From Wm. Ilawneys’ ‘‘Complete Measurer,’’ Third Edition, published by 
F. Lucas, Jr., and Neal, Wills & Cole, Baltimore, 1813. Preface dated September 
1798. Book found in Houston Public Library. 


“In the midst of a meadow, 
well stored with grass, 

I took just an acre, 
to tether my ass; 

How long must the cord be 
that feeding all round, 


’ 


He mayn’t graze less nor more 
than his acre of ground?” 


From Robert Gibson’s ‘‘Theory and Practice of Surveying,’’ newly arranged, 
improved, and enlarged, with useful selections, by James Ryan, printed and pub- 
lished by J. & J. Harper, No. 82 Cliff Street, New York, 1832. Book found in 
library of Forrest Daniell, Houston, Texas. 

“A horse in the midst of a meadow suppose 

Made fast to a stake by a line from his nose; 

How long must this line be that, feeding all round, 
Permits him to graze just an acre of ground?” 

Both books give an answer of 117 feet 9 inches. 

—Forrest DANIELL 








Highway Engineering in Maryland 


By WILLIAM F. CHILDS, JR. 


CHIEF ENGINEER, MARYLAND STATE ROADS COMMISSION 


ie THE MATTER of highways, Maryland may be looked upon as a pioneer 
State. This State pioneered in what was probably the first well-conceived 
plan for a system of State highways. Designed to connect Baltimore City with 
the county seat of each of the 23 counties and interconnect the county seats them- 


selves, the road system comprised 1,305 miles of State highways. It was started pI 
in 1910 and completed late in 1915. oe 
Maryland pioneered also in the design and construction of this system of _ 
highways and later extensions thereto. Coming almost simultaneously with the N 
start of this system, the highway engineer could not foresee the tremendous bit 
effect the advent of the automobile was to have on the design of these highways - 
and the demand for their extension. Despite this fact, Maryland built better 
roads than was realized. As evidence of this is the fact that although these = 
roads were built many years ago, they are the backbone of our present system 9 
and are carrying undreamed of volumes and weights of motor-vehicle traffic. Mis 
“0 
GROWTH OF MARYLAND’S PIONEER ROAD SYSTEM 
From 1,305 miles in 1916 the State highway system has grown to 4,490 miles am 
in 1947. The fact that, for a very large part, the system grew by widening and cm 
reinforcing existing highways has added very materially to our problem of - 
modernizing them to meet present and future needs. to 
Modernization of these highways implies not only greater roadway and right- we 
of-way widths but satisfactory alignment, grade, and drainage, with ample pro- ate 
vision for cross traffic and interchanges where important arteries intersect to 
provide safe and expeditious movement of inter- and intra-state traffic. the 
To present a better cross section of the problem with which we are confronted, te 
it may be of interest to show the mileage of highways by pavement width groups. the 
In the mileage of roads under 20 feet, the widths vary from 9 to 19 feet. 
Miles 
Two-lane, under 20 feet 2,804 bo! 
Two-lane, 20 feet and over 1,416 tur 
Three-lane 91 
Four-lane, or more, undivided 92 sire 
Four-lane, or more, divided 87 wh 
Total 4,490 sta’ 
to z 
The classification of State highways by surface types is as follows: 
Miles fee 
Graded and drained 18 — 
Soil-surfaced 9 eZ 
Presented at Eighth Annual Meeting, American Congress on Surveying and Mapping, a 
Washington, D. C., June 21-23, 1948. 
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Miles 

Stone, gravel, ete. 10 
Low type bituminous 821 
High type bituminous 1,833 
Portland cement concrete 1,652 
Brick 1 
Dual surface types 146 
Total 4,490 


There are certain standards that must be attained for highways to meet 
present and predictable future needs. The Highway Planning Survey made a 
complete and comprehensive study of Maryland highways from 1937 to 1939 and 
in 1940 the results were presented in a report entitled ‘‘Maryland Highway 
Needs, 1940-1960.’’ This report showed that on the State highway system there 
were some 2,500 miles of roads in varying degrees of obsolescence and pointed 
out the most outstanding deficiencies and inadequacies. 

It was estimated that the cost of rehabilitating these roads to meet desirable 
standards would have been about $216,000,000. Since then there has been further 
retrogression resulting from stagnation during World War II when all road con- 
struction ceased, except that pertinent to the war effort. At present prices it is 
conceivable that the rehabilitation would approach $500,000,000. 

With the ever increasing traffic over the highways of the State, the need for 
improvements becomes greater each year. The demand for highways has always 
exceeded the means available to build them. This is true today, and will remain 
so in the future unless the problem is faced resolutely and with a determination 
to plan now to overcome it in a specified number of years. Likewise, the cost of 
accomplishment is higher today than it was 10 years ago and may be proportion- 
ately higher in the future. 

Twenty years is considered a reasonable period of time in which to accomplish 
the desired modernization. To do this will require the expenditure for construe- 
tion and reconstruction of $25,000,000 annually for 20 years on the assumption 
that $500,000,000 is a fair cost estimate. 


REVENUE AND ALLOCATION OF FUNDS 

Prior to 1910 all funds for State highway construction were obtained from 
bond issues. In that year these funds were augmented by an Act of the Legisla- 
ture providing for the licensing of motor vehicles on a basis of 60 cents per horse- 
power. The next step in financial aid came from the Federal Government in 1916 
when the Federal-Aid Road Act was passed by Congress. 

Realizing the need for additional revenue, Maryland followed the lead of other 
states and in 1922 levied a 1 cent per gallon tax on gasoline. This was increased 
to 2 cents in 1924, to 4 cents in 1927, and to 5 cents a gallon on July 1, 1947. 

When the gasoline tax was increased to 2 cents a gallon in 1924, the license 
fee for motor vehicles was reduced from 60 cents to 32 cents per horsepower and 
remained at the lower figure until April 1, 1947. 

At the time the gasoline tax was increased to 4 cents per gallon in 1927, the 
Legislature provided for the distribution of the revenue, after cost of the collee- 
tion was deducted, on the following basis: 
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Percent 
° ° ° Cents State Rds Baltimore 
8s “il ig 
Distribution per gal. poset City 
Maintenance & Reconstruction 2 80 20 
Lateral Roads 1% 80 20 
Railroad Crossings ly, 80 20 


In 1933 the allocation of funds from 2 cents of the tax was changed to give 
the State Roads Commission 70 percent and Baltimore City 30 percent, while the 
revenue from the 1}-cents tax was altered to give the counties 70 percent and 
Baltimore City 30 percent. 

At the 1947 session, a road-minded Legislature, under the guidance of our 
road-minded Governor, provided the largest sum of money for road building in 
the history of Maryland. The motor vehicle registration fees were increased; 1 
cent per gallon was added to the gasoline tax; a 2 percent titling tax was ear- 
marked for road purposes; provision was made for the issuance, at the discretion 
of the State Roads Commission, of $100,000,000 of bonds for expressways and 
controlled-access highways; and the cost of operation of the Maryland State 
Police Department was removed from motor vehicle revenue to the general fund. 

The allocation of revenue from the 5-cents gasoline tax was changed to give 50 
percent to the State Roads Commission for highway construction, 30 percent to 
Baltimore City, and 20 percent to the counties. Also, the incorporated towns of 
the counties may share in the 20 percent. They participate, on request, in pro- 
portion of the mileage of paved and hard-surfaced roads owned and maintained 
by the town within its corporate limits to the total mileage of county roads within 
the county. 

Funds for the maintenance of State highways under the provisions of the 
1947 Act will come from the motor vehicle revenue fund. 

Except for special Federal grants prior to and during World War II for use 
on military access roads in the State, the funds were stabilized until the Congress 
passed the Federal-Aid Highway Act of 1944, which made available to the states 
$500,000,000 per year for the 3 postwar years. Maryland’s share is $4,791,532 
per year and by provisions of the Act is allocated annually as follows: 


Roads on the Federal-aid system $1,830,936 
Secondary and feeder roads 1,170,515 
Urban areas 1,790,081 

Total $4,791,532 


Over the past several years the expenditure for construction has averaged 
slightly more than $7,000,000 per year. At this rate, and assuming that the 
estimated cost of $500,000,000 for complete modernization is reasonably accurate, 
71 years will be required to accomplish this purpose. 


OUR GOAL—A MODERN HIGHWAY SYSTEM 
At present we are thinking in the terms of an expenditure of some $200,000,000 
on the construction and reconstruction of roads and bridges in the next 5 years. 
This means modern expressways with controlled access; 4-lane divided highways 
where traffic service requires; 2-lane highways; and widening and resurfacing. 
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We are planning to have some $40,000,000 under contract for roads and 
bridges by the end of 1948, one-half of which we hope to have under contract by 
July 1. Of this amount, approximately $4,500,000 will be expended to rehabili- 
tate, widen and resurface existing roads to provide comfortable, safe, and ex- 
peditious travel until such time as they can be completely rebuilt. 

The program of construction and rehabilitation in 1949 is planned to equal 
and probably exceed that of 1948. To accomplish this ambitious program, 
surveys are already under way by our own forces augmented by outside engineers. 

As our first step toward the goal set we prepared a table of desirable standards 
of design. They are, we believe, forward looking. They are designed for pro- 
gressive conversion, as the need requires, from 2-lane highways to 4-lane divided 
highways, with a minimum loss of the original investment. They have been 
prepared by traffic volume groups and for the varying nature of the terrain 
within the State. 

Between January 1 and June 15 of this year we have advertised for bids on 
road and bridge construction, reconstruction, and widening and resurfacing for 
a total of 223.66 miles aggregating $24,340,199 as follows: 


Miles Cost 
Primary roads 55.99 $19,088,034 
Resurfacing projects 151.21 3,183,407 
F.A.S. projects 16.46 1,255,645 
Mise. bridge and allied projects 813,113 

223.66 $24,340,199 


RIGHT-OF-WAY PROCUREMENT 
Our right-of-way problem today has been made most difficult by the past policy 
of obtaining ‘‘too little, too soon.’? We have profited by this experience and, 
under our recently adopted desirable standards of design, the following widths 
of right-of-way will be acquired: 


Secondary State Highways 
Traffic volume under 500 vehicles per day 50-ft 
Traffic volume of 500-999 vehicles per day 80-ft 


. minimum 
. minimum 


Primary State Highways 


Traffic volume of 1000-1999 vehicles per day 80-ft. minimum 
Traffic volume of 2000-2999 vehicles per day 150-ft. minimum 
Traffic volume of 3000-4999 vehicles per day 200-ft. minimum 


In the last mentioned group it is proposed to obtain control outside the fee 
simple taking, plus slopes, where the importance and location of the highway 
indicates it is necessary or advisable. 

On highways of the expressway type, such as the proposed Baltimore-Wash- 
ington Expressway, it is proposed to acquire a 300-foot right-of-way plus 50-foot 
control areas on each side. This ‘‘control’’ may be either a control over the use 
by the owners of a portion of the abutting property or control of access or both. 
The area that is controlled merely as to its use is designated ‘‘ Highway Protective 
Easement Area.’’ The rights we are acquiring under this type of control prevent 
the erection and maintenance of any structures within the area and its use for 
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such unsightly purposes as automobile graveyards and the storage thereon of 
machinery, materials, and personal property. 

At present we are designing such control areas, where needed, to a width of 
50 feet each side of the right-of-way proper where an ‘‘outer road’’ (usually 
referred to as ‘‘service road’’) is not deemed probable. 

By acquiring these rights now we will not only prevent, to a degree at least, 
the usual marring of the natural beauty along the highway and assist in its orderly 
development, but we will create a strip of land on each side of the highway that 
will remain unobstructed by buildings and which may be used in part to provide 
an outer road, should this become necessary ultimately. 

Control of access is an innovation in Maryland and presents the most compli- 
cated of the various factors comprising the right-of-way acquisition problem. 
It is not too difficult to see how this feature may operate to intensify the claims 
for damages in making right-of-way settlements. 

The Immediate Entry Law passed by the General Assembly of Maryland in 
1941, subject to a referendum, was approved by popular vote in November 1942 
and made operative in the spring of 1943. This was a much needed boon to the 
right-of-way acquisition problem. 

Under its terms the State Roads Commission was given the right to appraise 
the property involved, pay into court the appraised valuation and take possession. 
Under our original procedure, if amicable settlement was not reached within 60 
days after completion of the project, condemnation proceedings were filed by the 
State Roads Commission in the court of jurisdiction. Under the new law, how- 
ever, condemnation proceedings are now filed at the time the appraised valuation 
is paid into court. The net result of operation under the Immediate Entry Law 
has been to save months in the acquisition of property for right-of-way. 

SURVEYS AND PLANS 

In the Baltimore area one of the heavier traffic movements is from the north- 
northwest. The York Road, U.S. 111, serves this area and the fact that it is 
included in the proposed system of interregional highways adds to its importance. 

The existing road winds its way through rolling country. The inadequacy 
of its alignment and grade added to the extent to which the abutting property 
has been developed has made it necessary to plan to build the new highway on a 
new location. As the construction of a portion of this highway is included in 
the 1948 program it was decided to use aerial surveys in order that topographic 
maps might be made quickly available. From topographic maps we propose to 
select a centerline for the highway, prepare cross sections, compute quantities and 
advertise for bids on those quantities. 

It is proposed, when construction starts, to control and determine the quantity 
of work by the usual field survey methods. In making the necessary location 


studies, there are generally three phases, as follows: (1) a comprehensive study of 


the area between the initial and terminal points in order to select the general path 


of the location ; (2) a more detailed study of the path selected from the area study 


in order to plan the location alignment; and (3) the actual design of the location 
in detail sufficient for construction plans and estimates to be drawn up for 
contract. 

In making the area and planning studies for locations in other than flat or 
light rolling terrain, reliable topographic maps with contours are essential. 
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For area studies, maps on scales of from 1: 15,000 to 1: 62,500, with contour 
intervals of from 10 to 20 feet are satisfactory. For planning studies, maps on a 
scale of 1 inch equals 200 feet (1: 2,400), with a contour interval of 5 feet, are 
desirable. If such maps are not available, or, if available, are lacking in the 
required accuracy, completeness, and necessary detail, satisfactory maps should 
be prepared in the most expeditious and economical manner. The lack of suffi- 
cient, reliable information when making the area and planning studies can cause 
delays and ineur expense in the final location design stage far in excess of any 
moderate delays or expense incurred in obtaining proper planning information. 

To date no fully satisfactory and economical method has been devised which 
will preclude the use of conventional field surveys in the preparation of the 
necessary maps. Topographic maps prepared from aerial photography, however, 
can be produced at moderate cost and with little delay and are sufficiently 
accurate for all the studies required in the area and planning phases of the 
location project. Of the several methods of photogrammetric mapping, the one 
that lends itself particularly well to route locations is the Multiplex Aero-Pro- 
jector because of its adaptability to mapping long narrow strips. 

It is not proper to consider the use of aerial topographic maps as substituting 
for or eliminating field location surveys. Aerial topographic maps should be 
considered as furnishing planning information and eliminating all investigative 
lines and reconnaissance up to the point where the conventional location survey 
is begun. The use of the Multiplex method in preparing aerial topographic maps 
for highway location allows the location survey stage to be reached at an earlier 
date and for less cost than conventional field methods. 

Once the compilation is begun, a continuous strip map covering an area one- 
half mile in width and 8 to 10 miles in length can be completed each month on a 
scale of 1 inch equals 200 feet, with a contour interval of 5 feet, by the use of one 
complete Multiplex unit. Additional units increase the rate of production 
accordingly. These finished Multiplex maps can be produced for approximately 
one-fifth the cost of maps of the same degree of accuracy prepared by field methods 
and for less than one-half the expenditure involved in running conventional pre- 
liminary field surveys for location studies. 

In planning for the use of Multiplex maps in areas where there is seasonal 
variation of foliage, it is well to obtain the photography during the months of 
October through December, since during these months most of the foliage is at a 
minimum and climatic conditions are usually better than during the late winter 
or early spring seasons. In addition, time is allowed for the completion of the 
maps and alignment planning studies during the winter season and readies the 
project for the location survey stage during the early spring of the following year. 

In all of our work preliminary to survey, aerial and land, we frequently 
resort to the use of the splendid 73 minute quadrangle sheets prepared by several 
of the Federal services. Maryland is indeed very fortunate in having a large 
area of the State covered by these most valuable maps. 

Upon receipt of the field survey notes the first step in the preparation of plans 
for construction projects is the plotting of the hard copy, or brown paper map, 
from which tracings are made with preliminary grade or profile indicated. Prints 
are sent to the Materials Division for study of soil conditions. At the same time 
prints are supplied the Construction Engineers and the District Engineer who 
make a preliminary field inspection of alignment, grade, drainage, and other 
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features pertinent to the preparation of final plans. Upon receipt of the recom- 
mendations from the Soil and Construction Divisions and the District Engineer, 
work is started on the final plans, which includes the recommendation for drain- 
age, final grade, estimate of quantities, and the completion of the right-of-way 
plats, taking into consideration the desired standards. 

On a two-lane highway, it is estimated that complete plants, special provisions, 
estimates, and right-of-way plats will cost $550.00 a mile; for divided highways, 
$950.00 a mile; for controlled-access highways, $1,250.00 per mile. Material cost 
per mile is approximately 2 percent of the above costs. These figures do not take 
into account the cost of plans for drainage structures, other than pipe culverts. 
The cost of designing the larger structures varies according to the span and 
design, as determined by the Bridge Division. 

In addition to the above, special plats have to be drawn from property surveys 
where condemnation is necessary to secure the right-of-way. These plats are 
drawn from property surveys and are shown by metes and bounds, with a written 
description of the property to be acquired. This will add approximately 10 
percent to the initial cost per mile. The stenographic help necessary to complete 
the special provisions which have to be stencilled will also add approximately 
3 percent of the initial cost per mile. 

The approximate average cost per mile, exclusive of overhead, for completed 
plans on three classes of highways is about as follows: 


2-Lane 4-Lane Divided Controlled-Access 
Office personnel $550.00 $ 950.00 $1,250.00 
Material 11.00 19.00 25.00 
Stenographie help 16.50 28.50 37.50 
Special right-of-way plats 55.00 95.00 125.00 
Total $632.50 $1,092.50 $1,437.50 


Our traverse survey costs vary from $200.00 in flat, open country to $400.00 
a mile in rugged areas; while centerline surveys on 2-lane highways run from 
$500.00 to $600.00 a mile; for divided highways, from $900.00 to $1,000.00; and 
for controlled-access road, from $1,200.0 to $1,500.00 a mile. In urban areas, 
the cost is approximately double for each class of road. 

The instrumental equipment of our Survey Department show no radical 
changes over that of a few years ago. The newer instruments, of course, have 
improvements, such as clearer defined scales, ease of focusing, and sharper images. 

Our present system of surveys on important roads is a combination of aerial 
photography and ground surveys. We make use of aerial mosaics, both uncon- 
trolled and controlled, in the location stages. On some projects we are using 
topographie strip maps plotted from aerial photography. On the whole, however, 
while the major portion of our work is done by ground surveys, we are resorting 
to aerial methods wherever conditions warrant in order to speed up our schedule. 

At the present time we have 10 survey parties of four to five men each. We 


are planning to increase this number to 16 parties by July 15. To give further 
impetus to survey work, we have been for months employing survey parties of 


consulting engineering firms. We have employed as many as 14 such parties. 


ADOPTION OF STATE PLANE COORDINATE SYSTEM 


More than half a century ago in Maryland, the City of Baltimore took the 


-ING 


com- 
neer, 
rain- 
-way 


ions, 
vays, 
cost 
take 
erts. 
and 


veys 

are 
itten 
y 10 
plete 
ately 


leted 


10.00 
from 
and 


reas, 


dical 
have 
ages. 
erial 
1con- 
ising 
ever, 
ting 
dule. 

We 
rther 
s of 


S. 


< the 


HIGHWAY ENGINEERING IN MARYLAND 129 


lead among the cities of the Nation in adopting a plane coordinate system. 
This was a far-sighted move from which fruits have been borne. 

The Maryland State Roads Commission has adopted the State grid for all 
maps issued by its traffic division, and is co-operating with other State agencies, 
particularly the State Police and Maryland State Planning Commission, in mak- 
ing the most of the system of State-wide coordinate control. For example, places 
throughout the State are designated by their approximate coordinates, rounded 
to the nearest thousand feet. This is simple but effective means of avoiding 
confusion arising from similarity or duplication of names, or from the fact that 
in many cases the same place may be known by an official map name, a name 
commonly used locally, and an obsolescent name used only by the older inhab- 
itants. Then again, the post office may be known by one name and the railroad 
station by another. State-wide use of the coordinate system in identification of 
places has solved practical difficulties arising in the normal course of police func- 
tions. The police have appreciated the simplicity of being able to define exact 
locations by means of a 7-digit number and have made extensive use of coordinates 
particularly in emergency and ambulance work. For these reasons, the State 
grid is shown in red overprint on the official highway map and so indexed that 
any place named on the map may be quickly identified and located. The exten- 
sion of control coordinates by the Maryland State Roads Commission over the 
wide spread network of highways benefits everyone. 

It would be a great step forward if in connection with the work of our survey 
parties throughout the State we could bring control points closer together. It 
would not only permit of the tying in of our own surveys for highways but would 
offset many disputes over lost monuments. The establishment of coordinates in 
connection with highway surveys is also of great value in the event the cessation 
of work on a project becomes necessary or if future routes are to be tied into 
existing surveys. If the original surveys are well tied into the coordinate system, 
there is no diffieulty in again picking up the line or adding a new one, and the 
material in the surveys is always in form for rapid map assembly purposes. 








Library of Congress Maps Program 


By BURTON W. ADKINSON 


CHIEF, MAP DIVISION, LIBRARY OF CONGRESS 


INTRODUCTION 

N APS have been an essential part of man’s equipment ever since he has been 

able to communicate in writing. The Babylonian landlord scratched a 
map of his estate upon a clay tablet and the Nubian owner of a gold mine sketched 
a plan of part of his holdings on papyrus. Early mariners developed the Portolan 
chart as a navigation aid and these decorative sea charts are among the most 
accurate contemporary representations of the coastal areas surrounding Western 
and Southern Europe, North Africa and even parts of the Indian Ocean. In the 
literature, there are references to many maps which have been lost; nevertheless 
there are extant today thousands of maps that were drawn during the Middle 
Ages. 

The two wars during this present century have emphasized that a great 
variety of maps are essential to the proper functioning of man’s economic, social, 
and military machines. 

Soon after the formation of these United States, when Congress moved to 
Washington, D. C., it set up a Library for its own use. When the first catalog of 
this Library was issued in 1802, 7 maps and 6 atlases were included. Today the 
Library of Congress maintains one of the largest map and atlas collections in the 
world consistng of more than 2 million items. 

SIGNIFICANT TYPES OF MATERIAL 

The holdings pertaining to the United States and the Americas are the most 
comprehensive in the world. Alt separate maps published by the United States 
Government, which are free from security control, are deposited in the Library of 
Congress. There is an unusually strong collection of state, county, and city maps 
and plans. Many of the cities and counties are represented by maps dating back 
to their formation. For instance, the file on New York City contains more than 
3000 maps dating from 1639 to the present day. 

Much of the history of the United States is represented cartographically in 
the holdings of the Library. Such collections as Faden, Rochambeau, and Howe 
present original data on the Revolutionary period. The Library also holds photo- 
static and photographic reproductions of significant manuscript maps in the 
archives of England, France, Spain, Portugal, and the Netherlands which relate 
to American history. Many maps used during the Civil War are to be found 
there, andrecently the Library acquired 150 manuscript maps prepared by a 
Major Jed Hotchkiss for the use of the Confederate Armies operating in the 
Great Valley of Virginia and around Richmond. 

Mention also should be made of the Sanborn Fire Insurance Maps. This 
collection of over 420,000 map sheets covers 13,000 cities and towns where there 
are fire hazards. The maps show the type of construction of every building and 
each block of the urban areas depicted. A representative of the Sanborn Map 
Company reported that both Japan and Germany made intensive efforts to 
acquire collections of these maps prior to the recent war. 
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All maps and atlases deposited for copyright are in the custody of the Division 
of Maps. 

Such famous and artistic atlases as those prepared by the Blaeu firm, in the 
seventeenth century, are represented by 82 volumes in the holdings, while other 
important early map and atlas makers, whose works add to the value of the col- 
lections, are Ptolemy, Ortelius, Mercator, and Speed. This outstanding collection 
of historical maps and atlases has been of inestimable value to scholars as well as 
to legal counsels and boundary commissions. 

The most complete collection in the United States of large scale maps of 
Great Britain, Egypt, and Siam is held by the Library of Congress, as well as 
topographic maps and numerous special-subject maps cover.ng transportation, 
mineral resources, economics, distribution, population, ete. of many other 
countries. 

THE DEVELOPMENT OF THE COLLECTION 

As stated previously, when the first catalog was made, two years after the 
Library was established, it indicated a few maps and atlases in the collection. In 
1853, the American Association for the Advancement of Science established a 
committee which petitioned Congress to have a geographical department estab- 
lished in the Library. This committee stipulated that the department should be 
responsible, among other things, for a comprehensive collection of maps and 
atlases of the United States and representative maps of all foreign areas. When 
a separate division for maps was established in 1897, its first Chief indicated that 
there were 50,000 maps and atlases in the Library. By 1925 this collection had 
grown to 525,000 items, and, in 1948, there were 2 million items, consisting of 
about 1,100,000 different maps, 12,000 different atlases, 2,300 reference books, 70 
globes, and a few dozen relief models. 

Various means have been devised to obtain these maps and atlases. By law, 
two copies of all maps and atlases deposited for copyright are placed in the 
Library of Congress. Each federal agency deposits copies of all maps published. 
Many states have laws requiring that one or more copies of each map issued by 
its agencies be sent to the Library. A few thousand maps are obtained each year 
on exchange with scientific societies, academic institutions, and public libraries in 
the United States. By law, the Library is recognized as the official international 
exchange agency for the United States Government, and during the past vear ap- 
proximately 200 foreign institutions in more than 50 countries forwarded maps. 
In order to round out the collection and strengthen the holdings, a systematic pur- 
chasing program has been inaugurated which brings to the Library several hun- 
dred maps each year. Approximately 100,000 new maps have been received 
annually for the past 4 years. This number represents a 200 percent increase 
over acquisitions prior to World War II. A few hundred maps are presented 
each year as gifts. Increased activity in map publishing '. the United States 
and abroad, both commercial and governmental, as well as the necessity for 
acquiring maps published in foreign areas during, ard just prior to the War, are 
reasons for the increased accessions of recent years. 

It may be of interest to note a method used by the Fe eral Government to 
insure the comprehensive acquision of foreign maps. An imter-departmental 
committee, representing 7 agencies, (namely, the Library of Congress, the State 
Department, the Army Map Service, the Hydrographic Office, the Aeronautical 
Chart Service, the Geological Survey, and the Coast and Geodetie Survey) co- 
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ordinates the map procurement activities of these departments and agencies. The 
State Department has 4 foreign service officers operating in foreign countries 
who systematically visit official map producing agencies to arrange for the ex- 
change of maps. Desired commercial maps are purchased for the co-operating 
libraries. The Joint Committee prepares want-lists which are forwarded to the 
map procurement officers for guidance in their activities of purchasing and de- 
veloping exchanges. Also, this committee recommends policy on the type of maps 
needed and the areas to be covered by the foreign service officers. The Library 
of Congress received approximately 18,000 maps from foreign countries during 
the past year, most of which were the result of the activities of the four officers 
in the field. 


SERVICES RENDERED BY THE LIBRARY OF CONGRESS 

First, the Members of Congress are given the vital map information which 
they desire as quickly as possible. Of course, such committees as the Senate 
Foreign Relations Committee and the House Foreign Affairs Committee are 
included in this preference. Also, many of the Congressmen call upon the 
Library for detailed maps of their own spheres of activity. They are often 
interested in the exact boundaries of the Congressional Districts as well as in 
information on resources, terrain, roads, ete. Secondly, the Library serves the 
other Federal agencies and there is hardly a department or agency in the United 
States Government that does not, at some time during the year, call upon the 
collection for information. 

The maps are available to any person visiting the Library of Congress who 
wishes to study them. Items in the collection not otherwise available, are loaned 
to other libraries throughout the country. Photo copies may be had at a nominal 
cost, of any maps on which there are no copyright or other restrictions. 

No major international boundary problem in North or South America has been 
settled within the past 50 years without extensive use of the Library of Congress 
map collection. Representatives of boundary commissions have come to study the 
materials, and the Chief of the Division of Maps has been called upon, on several 
occasions, to present cartographic data or to appear as a witness when these 
problems were discussed. 

The collection is used extensively by authors and publishers. For instance, 
the various press associations made great use of the maps of Palestine when that 
country came into prominence in the news during the past year. Why, even 
a murder mystery has been written about the Maps Division of the Library of 
Congress. Bruce Hamilton visited the Library and was so impressed by the 
labyrinth of halls and the confusing circular stairways that she utilized the set- 
ting for a very interesting story entitled ‘‘ Dead Reckoning.”’ 

Historians and feature writers of magazines and newspapers are frequent 
callers. The Division is often asked to furnish evidence for civil and criminal 
action. Several years ago, a law firm in Akron requested photostats of maps of 
the early land grants in that vicinity which were to be used in a law suit over 
property rights. Recently, the staff was called upon to furnish evidence to a 
prosecuting attorney concerning the names of streets in a certain section of 
Brooklyn, and this information was used by the prosecutor to establish the 
whereabouts of a criminal. 

A service which is useful to many U. S. libraries is the preparation of catalog 
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cards for selected copyright maps and the maps deposited by the Army Map 
Service in libraries throughout the country. By doing the cataloging and fur- 
nishing printed catalog cards at approximately the cost of printing and distribu- 
tion, the Library of Congress saves these other libraries considerable money each 
year. 

The Library endeavors to build up a comprehensive permanent collection of 
maps of the United States and its component parts. The maps that enter the 
commercial trade and are copyrighted or issued by state or federal agencies are 
almost sure to come to the Library. However, we find it very difficult to main- 
tain files of uncopyrighted maps covering local areas. <A real service would be © 
rendered if persons in the surveying and mapping professions would inform 
local map publishers that the Library of Congress is interested in knowing about 
their maps and acquiring them. 


Thermometer Listens to Temperature 


A MYSTERIOUS NOISE that once baffled radio and television engineers has led to 
the design of the world’s most accurate thermometer. 

At the University of Chicago’s Institute of Metals, two young physicists, Drs. 
John B. Garrison and Andrew W. Dawson, have put the noise of bouncing atomic 
particles to work. Heat, they reasoned, is simply the motion of molecules. As the 
molecules move, they hit free electrons, which are thousands of times lighter and 
therefore bounce off like billiard balls. As the electrons bounce, they set up small 
electrical impulses, which can be amplified and measured. Such amplified im- 
pulses can be heard as noise. But they can also be put to use telling temperature, 
since they increase with the amount of molecular motion, and, therefore, with the 
amount of heat. The complicated instrument is called the ‘‘noise’’ thermometer. 
It converts the ‘‘noise’’ into pulses which are visible on an oscilloscope, and from 
which accurate temperatures can be calculated. 

It will give accurate readings between a fraction of a degree above absolute 
zero (absolute zero is minus 459.6° F., the point where molecular motion stops, 
and the noise vanishes) to 5,000° F. At the high end of the range the thermometer 
is more accurate than any other type. It is completely unaffected by pressure 
and other phenomena. 

Too cumbersome and expensive to be used for measuring the temperature of 
common things like baby’s bath, the thermometer finally provides an answer to 
the high temperature worries of jet-engine engineers, who have had great trouble 
determining the temperature of the exhaust gasses and the internal parts of the 
engine. Other uses will be in the steel and glass industries.—Science Illustrated, 
December 1948. 











Surveys and Descriptions 
A Title Insurance Company's Viewpoint 


By EDGAR ANDERSON 


PUBLIC RELATIONS OFFICER, ARIZONA TITLE GUARANTEF & TRUST COMPANY 


T IS ALWAYS a difficult task to address a professional group. Often the 

group knows more about the subject matter than the speaker. However, 
where the speaker is associated with an allied industry, a speech may effectively 
clear some points of mutual interest. 

To quote J. K. Finch, C. E., A. M., author of ‘‘ Plane Surveying,’’ ‘‘survey- 
ing is probably one of the oldest mathematical arts.’’ The private ownership 
and transfer of land also ranges back into antiquity. History records such 
transactions in Egypt and Babylonia, 3,000 B.C. In the Bible we find in 
Genesis 23 that Ephron sold to Abraham a burial plot for his wife, Sarah, for 
400 shekels of silver, current money with the merchant. 

A necessary corollary of land transfer is the evidencing of title, which has 
passed through the metamorphosis from mere recitals in deeds of the encum- 
brance to which the land was subject, through the abstract of title, which is a 
mere history of transactions involving a particular parcel of land necessitating 
a lawyer’s opinion, to the most modern method of title insurance, which, in spe- 
cific terms, insures or guarantees that the title is vested in particular individuals 
subject to definite exceptions. 

Wherein are our professions akin? Not only in antiquity, but in the applica- 
tion of business principles to varying conditions affecting land in our daily rou- 
tine. In insuring a title to property in a platted subdivision we have to rely to 
a large extent on the survey as evidenced by the recorded plat, and on the gov- 
ernment survey’ and field notes in insuring unplatted property. 

Of necessity there are matters against which the title insurance company does 
not ordinarily insure. Among others of importance are the following exceptions 
in policy: Encroaching or overlapping improvements, if any, on said land; de- 
ficiency in the quantity of ground; discrepancy in boundaries, accuracy of plats 
and surveys of record or shown herein; or any facts which a correct survey or 
inspection of said land would show. 

Another way of expressing these exceptions is: Questions of location, boundary 
and area; overlaps and encroachments by improvements belonging to these or 
adjoining premises, all dependent upon actual survey for determination. 

To insure against these risks in every instance would entail both additional 
time and expense which would necessarily result in additional cost to the insured. 

Ilowever, the life insurance companies, some years ago, importuned the title 
insurance companies to insure against these matters. This imposed an additional 
burden on the title companies, and resulted in the issuance of a new form of 


Presented at Arizona Land Surveyor’s Conference, Phoenix, Arizona, January 24, 1948. 
' In states having sectionalized lands, now or formerly publie domain, subdivided by the 
Federal Government. 
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policy known as the A. T. A. form, which calls for an additional premium com- 
mensurate with the extra hazards assumed. 

Since the advent of the life insurance companies into money lending on new 
construction, several inspections are required, at least three and sometimes four : 

1. To establish that no work has been performed and no materials furnished at the 
time the mortgage to be insured is established as a lien. 

2. To establish that the foundations of the building do not violate building lines. 

3. To ascertain if construction is fully completed, and ready for possession. 

4. If not fully completed, a re-inspection to establish this fact. 
To safely cover this risk, a survey is the only solution, although at the instance 
of the life insurance companies to save expense, the title companies have more or 
less generally waived a survey on all mortgage policies under $10,000 covering 
residential loans. 

The rule relative to surveys and inspections adopted by the title insurance 
companies is: 

Surveys and inspection reports must be sufficient to disclose at least : 

1. Foundations in place of all buildings erected or to be erected; or the forms in place 
for sueh foundations. 

2. The dimensions of the lot and of all buildings erected or to be erected. 


3. The front set-back lines and distances from buildings to side lines. 

4. All porches and overhangs. 

5. Fenees in place. 

}. Easements known or apparent from inspection. 

7. Eneroachments and overlaps by improvements belonging to the premises or adjoin- 


ing premises. 

If the inspection or survey discloses matters adverse to the issuance of a policy 
free from the encumbrances to be insured against, the title company submits 
the question to the mortgagee for acceptance, whereupon the exception is set out 
in appropriate language in Schedule B of the policy. Should the mortgagee 
reject the exception, the title company may reject the risk, or accept the risk 
under such conditions as it may impose, and charge a further additional premium 
commensurate with the hazard involved. It becomes a question purely of busi- 
ness risk. 

It is not amiss at this juncture, to dispel the impression that has sprung up, 
namely that the title company is expected to assume for the ordinary additional 
charge made for an A. T. A. policy, such hazards found from the survey or in- 
spection to be adverse to the usual coverage of the policy. This ordinary addi- 
tional charge is merely compensatory for the additional work involved in pro- 
cedure, such as inspection of the premises and interviewing parties in interest to 
cover against mechanics liens, rights of parties in possession, compliance with 
restrictive covenants, lien of assessments for street improvements in course of 
construction or contemplated, and other matters not involved in a survey. Such 
additional charge is insufficient to warrant the assumption of risks of a casualty 
nature and the ordinary rates for title insurance do not contemplate such 
hazards. 

It will be readily observed that a survey of this nature, which may be desig- 
nated as a title and building line survey, serves no purpose for title insurance 
unless it contains the seven items of information tabulated above. We have 
been presented with surveys showing the bare lot, which, of course, are useless 
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for this purpose. In one case, three surveys by three different surveyors were 
presented for the same piece of property, and each survey differed from the 
others. This disparity required us to set up as an exception the ‘‘ question, if 
any, of the exact location of the westerly boundary line of said premises.’’ | 
personally am aware of the difficulties surveyors must encounter in such rugged 
territory as Arizona in an endeavor to find monuments which, because of their 
temporary nature, have been lost, removed, or destroyed by the ravages of time 
and weather. The apparent solution to this is the setting of permanent monu- 
ments of stone, concrete, or iron, witnessed by recording bearings and distances 
to objects which will aid in finding the mark or in locating the corner in case 
the mark is lost, removed, or destroyed. 

Another survey which was submitted portrayed the width of one of the lots 
erroneously to the extent of 30 feet, with the consequence that the remainder of 
the lot after partition was inadequate for the designed purpose. Relying upon 
this survey resulted in a cost to us of around $400.00. One of the most inter- 
esting examples of an erroneous survey that has come within the range of my 
experience is a case where the government surveyor failed to follow the methods 
of procedure laid down by the General Land Office (now Bureau of Land Man- 
agement) in the ‘‘ Manual of Instructions for the Survey of the Public Lands of 
the United States.’’ In the original government survey of lands in the State 
of Washington, the surveyor, instead of following the admonition that the 
meander line of lands bordering on navigable waters should follow as closely as 
possible the mean high water line, ran the meander line across a slough which 
contained approximately five acres of valuable tide lands. Since the meander 
line is, in effect, a boundary line for the purpose of computing the acreage of 
land, we were required, after relying on this, to defend a suit brought by the 
State, asserting title to these tide lands on the grounds that the meander line 
was erroneous. While we won the suit, the cost of litigation muleted us to the 
extent of considerable expense. While the court in this case found there is no 
such thing as an erroneous meander line—that even though there may be an 
error, it is to be conclusively resolved in favor of those who relied upon it. 
Such a finding, however, while effective in government surveys, affords no re- 
pose as to errors in private surveys. Notwithstanding this decision, one sur- 
veyor persists in marking these meander lines as erroneous in his published book 
of maps, with consequent confusion to all concerned. Hence, the need for ac- 
curate surveys. 

So far as subdivision plats are concerned, the statutes of Arizona, Chapter 
16, paragraph 708, and Chapter 17, paragraph 1818 prescribe certain require- 
ments. Chapter 16, paragraph 708 relates to platted subdivisions located within 
a 3-mile radius adjacent to the corporate limits of any city of 20,000 or more 
population and provides: 


1. For written notice to the city of intention to subdivide and the submission of a 
tentative plat, and the city may, at its election, project the lines of streets and alleys of 
such city to the outer boundary lines of the subdivision, and may suggest changes of the 
location or dimension of streets, alleys, parks, easement for rights of way, or property 
intended to be devoted to the publie use. 

2. That the surveyor shall leave sufficient permanent monuments so that another sur- 
veyor may retrace his work, which monuments shall be plainly shown on the plat. 

3. That the plat shall show the dimensions, boundaries, and courses of the respective 
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parcels and reference made to adjacent recorded subdivisions or to corners of a United 
States survey, or if unsurveyed then to some prominent artificial monument established for 
such purpose. 


Chapter 17, paragraph 1818 relating to platting of 20 acres or more into 
town sites is not so explicit. I believe these to be minimum requirements. 

We would like to have all surveys received by us contain all matters which 
interfere with the complete unrestrained enjoyment of the property. In many 
instances we have been requested to insure that éasements set out in Schedule B 
of the title policy do not interfere with the use of the premises for the designed 
purpose. For instance, in one case the survey disclosed a ditch which had been 
in use periodically as an overflow from adjoining premises, and also disclosed a 
transmission line across the property which interfered with the building to be 
erected, necessitating the creation of a new easement, realigning the transmis- 
sion line, and getting the ditch easement released. 

The all important point stressed in these statutes from our viewpoint is the 
establishment of permanent monuments witnessed with exactness. In our 
opinion the principal object of a land survey is to obtain the necessary data for 
writing a description of a parcel of land and finding its area or, the reverse 
operation, to find and mark the boundaries of a described tract. Correct legal 
descriptions are imperative in our business. It is a common misconception for 
the layman to assume that he has the capacity to compose descriptions, particu- 
larly of portions of a larger tract, with the result that after describing the last 
tract of the subdivision there is either a shortage or a surplusage. To prevent 
this, we prefer to describe the last tract by describing the entire tract and ex- 
cepting therefrom the portions theretofore described. Where an accurate survey 
has been made, of course, no question could arise. 

Since monuments prevail over courses and distances, and natural monuments 
are preferred to artificial, we like for all courses and distances to be tied in to 
natural monuments where possible and, if not, to be tied to artificial monuments. 

The surveys of the platted subdivisions are generally products of excellent 
workmanship. The exceptions, which cause title lawyers a little worry, are 
comparatively rare. Some of the title or boundary line surveys could be a 
little more explicit, but with the growing demand for the A. T. A. form of 
policy, familiarity with the requirements of the money lending institutions and 
the desires of the title insurance companies will soon rectify any omissions that 
may now exist. It would be of assistance if such surveys would show the date 
of execution, rather than merely contain reference to the date of expiration of 
the surveyor’s certificate. 

A legal description is one by which a particular parcel of land can be defi- 
nitely identified without the necessity of introducing parol evidence, or as one 
man put it, without taking anything more for granted than that the property 
is located somewhere in the United States. 

Where there is a latent ambiguity in the description it may be explained by 
parol or oral testimony, but a patent ambiguity, i.e., one apparent on its face, 
may not be so explained; in fact, it renders the deed void if there is no rule of 
construction which will overcome it. 

Descriptions in private deeds are generaliy construed in favor of the grantee, 
while in patents or deeds from the United States or the state, the construction 
is against the grantee. 
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We ignore recitals of area in deeds except where they form such an essential 
part of the description that without the acreage the description would be unin- 
telligible, such as ‘‘the E. 5 acres of the NE} NE, ete.’’ <A course or line is 
presumed to be a straight line unless there is information to show a different 
intention, e.g., ‘‘Northerly’’ is construed to mean ‘‘North’’ ete., ‘‘One-half’’ 
ordinarily means one-half in quantity or area in describing an irregular tract 
or block, but in a government survey of public land, the word ‘‘half’’ when 
used with reference to a regularly subdivided section has been held to be a line 
equidistant from the side lines of the parcel subdivided. However, in a frac- 
tional lot, containing less than 40 acres, it was construed as one-half in area. 
Because the measurements indicated by the original governmental surveys are 
frequently inaccurate, and since few sections conform to the standard, such ex- 
pressions as ‘‘East-half,’’ ‘‘East forty rods,’’ and ‘‘East twenty acres’’ of a 
given quarter-quarter section cannot be used interchangeably. The fractional 
descriptions ‘‘half’’ and ‘‘quarter’’ are therefore preferred to expressions of 
dimension or area as they cannot raise questions of overlap. 

Our descriptions generally are more specific than the one Bill Nye used in 
one of his writings in describing the location of a ledge or deposit which is 
as follows: 

It cropped out apparently a little S. E. of a pt. where the are. of the orbit of Venus 
biseets the Milky Way, and ran due E. 80 chains, 3 links and a swivel, thence S. 15 paces 
and 1/2 to a blue spot in the sky, then proceeding westward 80 chs., 3 links of sausage and 
1/2 to a fixed star, th. N. across the lead to the p. o. b. 

In closing, let me express my pleasure in being afforded an opportunity to 
address your Fifth Annual Conference. 


2 z ? 


Geographical Jolts 


A* arc, centered in Mountain City in Northeastern Tennessee, and with a 
radius extending to Memphis, will reach Florida, Alabama, Mississippi, 
Arkansas, Missouri, Illinois, Michigan, Canada, New York, Pennsylvania, and 
New Jersey. 

The distance from Brownsville, Texas, to the town of Texline, in Northwest 
‘Texas, is approximately the same as the distance from Denver to St. Louis. 

The longest air-line distance within 2 points in the same State of the U.S. A. 
is from Southeastern to Northwestern California. This distance is about the same 
as the flight line from Chicago to New Orleans. 

STEPHEN ROSE 
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Members are requested to send in surveying and mapping news items for 
publication in SuRVEYING AND Mapprine.—Eprror. 





CURRENT SURVEYING AND MAPPING LITERATURE 


MAGAZINE ARTICLES 

OUR CHANGING SEA LEVEL. R. W. Fairbridge, Scope: Journal of the Science 
Union, University of Western Australia, Vol. 1, No. 2, July 1947. 

AN IMPROVED LOBATE GLOBOID GRID FOR A POLAR MAP OF THE WORLD 
IN AIR NAVIGATION. Floyd A. Stilgenbauer, Papers of the Michigan Academy 
of Science, Arts, and Letters, Vol. 32. 1948. 

MAJOR STREETS 1948. St. Louis City Plan Commission. (An outline of a long- 
term plan for the improvement of St. Louis streets.) Copies may be obtained from 
the City Plan Commission, St. Louis, Missouri. 

ADJUSTMENT OF THE “SHORAN” TRIANGULATION. Chung-jui Chu, Proceed- 
ings, American Society of Civil Engineers, September, 1948. (A diseussion of the 
application of Shoran in triangulation surveys including the various phases of the 
problem and the several alternatives as to the actual steps to be taken in making 
adjustments. ) 

SOME PRINCIPLES OF GEOGRAPHY. C. E. Coopers, The Journal of Geography. 
September 1948. (The discussion concerns the importance of placing major em- 
phasis on principles and lesser emphasis on facets in teaching geography.) 

THE MAGNETIC COMPASS: A SURVEY OF DEVELOPMENTS. 
Institute of Navigation, Vol. 1, No. 4. October 1948. 

THE PROVISION FOR ASTRONOMICAL NAVIGATION AT SEA. O. H. Sadler, 
Journal of the Institute of Navigation, Vol. 1, No. 4, October 1948. 


THE FORESTRY TRI-CAMERA METHOD OF AIR PHOTOGRAPHY. H. E. 
Seely, The Canadian Surveyor, October 1948. 


Journal of the 


MINERAL LAND SURVEYS. Arthur J. McNair, Proceedings, American Society of 
Civil Engineers, November 1948. (The methods of making a mineral location are 
presented and the importance of having a competent surveyor or engineer make such 
a survey is emphasized.) 

COAST PROTECTION: A SURVEY OF BEACH STABILITY. R. R. Minikin, The 
Dock and Harbour Authority, Vol. 29, No. 337. November 1948. 


TOPOGRAPHIC MAPS—THEIR CHARACTER AND USE. Robert C. Stephenson, 
Bulletin of the Department of Internal Affairs. Pennsylvania, Vol. 16, No. 12, No- 
vember 1948. 





WHAT IS A MAP? Eugene Van Cleef, Science, November 1948. 
MAPPING PROVES ECONOMICAL EXPEDIENT IN PLANNING GROWTH OF 
LARGE CITIES. Civil Engineering, December 1948. 
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Diseussion in three sections as follows: 

CLEVELAND REGIONAL GEODETIC SURVEY PROVIDES CONTROL FOR 
$50 SQUARE MILE AREA. G. Brooks Earnest. 

GEODETIC AND TOPOGRAPHIC SURVEY OF PITTSBURGH RECORDS 
PHYSICAL FACTS NEEDED BY PLANNERS. Claude B. Taylor, Jr. 
PHOTOGRAMMETRIC METHODS CUT TIME AND COSTS OF CITY SUR- 
VEYS. Virgil Kauffman. 

CADASTRAL SURVEYS AND RESURVEYS. A. C. Horton, Jr., Proceedings, Amer- 
ican Society of Civil Engineers, January 1949. (An account of the activities of the 
Bureau of Land Management which illustrates the significance of cadastral sur- 
veys, records, and legal descriptions and the part they have played and will play in 
the development of the United States.) 

U.S. COAST AND GEODETIC SURVEY. Charles M. Thomas, The Georgia Engineer, 
January 1949. (An outline of the principal activities of the Coast and Geodetic 
Survey.) 

SURVEYING SHIPS. Rear Admiral Leo Otis Colbert, The Military Engineer, January- 
February 1949. (A brief account of the various types of survey ships used by the 
Coast and Geodetic Survey from 1835 to the present time.) 

SIMILITUDE IN THE STUDY OF MILITARY GEOLOGY. Wilmot R. MeCutchen, 
The Military Engineer, January-February 1949. (A diseussion of problems en- 
countered in military geology in strategic military planning.) 

SELECTING TOPOGRAPHIC SURVEY METHODS. Carlos 8. Ospina, Engineering 
News-Record, February 3, 1949. (Various mapping methods employed in Colombia 
are reviewed by a partner of a Colombian, 8.A. mapping organization. ) 

PROPERTY SURVEYS MUST FIT THEIR TITLES. William C. Wattles, Proceed 
ings, American Society of Civil Engineers, February 1949. (The relation between 
a land title and a property survey is discussed and the fact that land surveying is a 
specialized profession is emphasized. ) 

PROPERTY SURVEYING, ITS CUSTOMS AND PROBLEMS. Civil Engineering, 
February 1949. (Review of papers given at a panel discussion which comprised 
the session of the Surveying and Mapping Division at the 1948 annual meeting of 
the American Society of Civil Engineers.) 

OPERATION ECLIPSE: 1948. William A. Kinney, The National Geographic Magazine, 
March 1949. (An illustrated account of the multiple eclipse expeditions posted along 
a far-flung are stretching from Burma to the Aleutians.) 

MEADES RANCH TRIANGULATION STATION. Frank L. Culley, The Military 
Engineer, March-April 1949. 


BOOKS AND PAMPHLETS 


CARTOCRAFT GEOGRAPHY SCHOOL ATLAS. Edited by George Goodall. Den- 
oyer-Geppert Company, Chicago 1947. 104 pages. $4.00. 

UNITED STATES EARTHQUAKES 1946. (Serial No. 714). Ralph R. Bodle and 
Leonard M. Murphy. U.S. Coast and Geodetic Survey, Washington, D. C. 1948. 48 
pages. 15 illustrations. 30 cents. (GPO). (A summary of earthquake activity in 
the United States and regions under its jurisdiction for the calendar year 1946.) 

PRINCIPLES OF RADAR. Denis Taylor and C. H. Westcott. The Macmillan Com- 
pany, New York. 1948. 141 pages. $3.50. (A concise book for engineers, physi- 
cists, mathematicians, and advanced students of radio.) 
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DENOYER’S SCHOOL ATLAS. L. Philip Denoyer. Denoyer-Geppert Company, Chi- 
cago. 1948. 30 maps. 32 pages. $1.35. (Covers the minimum essentials required 
in an atlas for general school use.) 

GEOGRAPHY IN SCHOOL AND COLLEGE. Joe Russel Whitaker. George Peabody 
College for Teachers, Nashville, Tennessee. 1948. 116 pages. $1.80. 

GEOGRAPHY OF THE WORLD. Leonard O. Packard, Bruce Overton, and Ben D. 
Wood. The Macmillan Company, New York. 1948. 448 pages. $4.00. (Sue- 
cessor to Our Air Age World, and intends to aequaint the high school student with 
world geography and postwar problems. ) 

MAPPING FOR PLANNING: A Procedural Guide for the Classification and Mapping 
of Land Uses and Related Technieal Studies. Public Administration Service. 1948. 
25 pages. $1.50. 

LORAN—LONG RANGE NAVIGATION. Edited by J. A. Pierce, A. A. McKenzie, 
and R. H. W oodward. McGraw-Hill Book Company, Tne., New York. 1948. 476 
pages. $6.00. (This publication is of the Radiation Laboratory Series by Massa- 
chusetts Institute of Technology.) 

SURVEYING. W. Norman Thomas. Edward Arnold & Co., London. 4th edition. 
1948. 564 pages. $7.50. . 

THE PRINCIPLES AND PRACTICE OF SURVEYING. Volume II. Higher Sur- 
veying. 6th edition. Charles B. Breed and George L. Hosmer. John Wiley d 
Sons, Inc., New York. 1948. 674 pages. $3.50. 

THE USE OF GROUND PHOTOGRAMMETRY FOR LARGE-SCALE GEOLOG- 
ICAL MAPPING. Toni Hagen. Ag. Gebr.-Leemann & Co., Zurich, Switzerland. 
1948. 23 pages. (A geological map and other geologie data of the Mont Dolin area 
are shown on three enclosures in slip-ease.) 

MANUEL DE PHOTOGRAMMETRIE. Jean Hurault, L’Institut Geographique Na- 
tional, 107, rue La Boetie, Paris 8. 1948. 405 pages. 420 figures, photographs, ete. 
1.100 franes. 

PRACTICAL ASTRONOMY. G. L. Hosmer. 4th edition, revised by James M. Rob- 
bins. John Wiley & Sons, Inc., New York. 1948. 355 pages. $4.50. (The book 
is intended primarily for the civil engineer and surveyor and deals with the obser- 
vation which can be made using surveying instruments to determine time, longitude, 
latitude, and azimuth.) 

GEOPHYSICAL ABSTRACTS 134, July-September, 1948 (Numbers 10213-10472.) 
V. L. Skitsky and S. T. Vesselowsky. U. S. Geological Survey, Washington, D. C. 
1948. 261 pages. 20 cents. (GPO). (The publication covers world literature on 
geophysies contained in periodicals, books, and patents.) 

FORMULAS AND TABLES for the Computation of Geodetic Positions From Azimuth 
and Distance and for the Inverse Position Computation on the Hayford (Interna- 
tional) Ellipsoid from 0° to 80° latitude and on the Bessel Ellipsoid from 45° to 
57° latitude, by using caleulating machines. Erwin Gigas. Land Survey Office, 
3amberg, Germany. August, 1948. (A pamphlet with text in German and English.) 

PROPAGATION OF SOUND IN THE OCEAN. Memoir 27, The Geological Society 
of America. October, 1948. The book is contribution No. 415 from The Woods 
Hole Oceanographic Institution. It is divided into three parts as follows: 
EXPLOSION SOUNDS IN SHALLOW WATER. J. Lamar Worzel and Maurice 
Ewing. 53 pages. 8 plates. 19 figures. 


THEORY OF PROPAGATION OF EXPLOSIVE SOUND IN SHALLOW WA- 
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TER. C. L. Pekeris. 117 pages. 11 plates. 51 figures. 
LONG-RANGE SOUND TRANSMISSION. Maurice Ewing and J. Lamar Worzel. 
35 pages. 4 plates. 19 figures. 

—A. A. STANLEY 


DISTINCTIVE RECENT MAPS 

The shaded relief technique, used by the U. 8. Geological Survey for recent maps 
of the Yosemite Valley, and Valdez and vicinity, Alaska, has now been employed on a new 
“Relief Map of Utah.” The map is published and distributed by the State of Utah, De- 
partment of Publicity and Industrial Development. Although it bears the publication 
date of 1947, it was not actually issued until 1948. The map is on the seale of 1: 1,000,000 
and measures 23 by 184 inches. 

The varied and contrasting relief features of the State lend themselves well to a 
shaded treatment. The potentialities are only partially realized, however, by the partic- 
ular type of shading used on the map. National forests are tinted and outlined in green, 
and national monuments. are shown in pink. Superimposing these additional colors upon 
the brown and buff shading, tends to confuse the general relief pattern. 


The “Hatteras” (N.1.-18) and “Chicago” (N.K.-16) sheets of the International Map 
of the World have recently been issued by the U. 8S. Geological Survey. They bring to 
seven the number of sheets of the Millionth Map now available for the United States. 
(Previously issued sheets are Boston, Hudson River, Chesapeake Bay, San Francisco 
Bay, and Point Conception.) 

About 85 percent of the Hatteras sheet is ocean surface. The remaining portion 
covers a small segment of coastal North Carolina, from Cape Fear on the south to Roanoke 
Island on the north. The grid extent is from 32 to 36 degrees north latitude and from 
72 to 78 degrees west longitude. 

Submarine contours and altitude tints show strikingly the continental shelf, conti- 


nental slope, and ocean bottom offshore from Cape Hatteras, Cape Lookout, and Cape 
Fear. 


The City of Chicago oceupies the approximate center of the Chicago sheet, which in- 
cludes portions of Wisconsin, Michigan, Illinois, Indiana, and Ohio, as well as the south- 
ern half of Lake Michigan. The sheet extends from 40 to 44 degrees north latitude and 
84 to 90 degrees west longitude. 

The contours and altitude tints bring out the general topographic character of this 
agricultural “heartland” of the United States. Surface elevations and sub-surface sound- 
ings of Lake Michigan are also shown. 


“Percent of total farm income from livestock and livestock products,” is the title of 
a 1949 map prepared and published by the Soil Conservation Service, U. 8. Department 
of Agriculture. The map includes only those states located, in general, west of the ninety- 
fourth meridian. 

Percentage figures are indicated for each county, with contrasting colors emphasizing 
regions deriving 0-24, 25-49, and 50-100 percent of their farm income from livestock 
and livestock production. The above 50 percent areas are, for the most part in the inter- 
mountain basin regions and the more arid parts of the Great Plains. 

The map measures 184 by 16? inches and is on the seale of 1: 6,250,000. It was pre- 
pared “to facilitate the provision of technical information on water conservation, use, 
management, and disposal.” 


Several Latin American countries have been extremely active, in recent years, in 
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publicizing their claims to portions of Antaretica. Maps play an important part in for- 
warding such interests. The segment of the South Polar regions considered by Chile as 
its sphere of interest is outlined in a recent map published by the Instituto Geografico 
Militar, Republica de Chile. (Territorio Chileno Antdrctico, Edicién 1947.) The Chilean 
claim, outlined in red on the map, embraces the territory between 53 degrees and 90 de- 
erees west longitude. Included are the South Shetland Islands, the Palmer Peninsula 
(here named “Tierra de O’Higgins”), Alexander Island, and James Ellsworth Land. 
The map is on the seale of 1: 5,000,000 and measures 374 by 26 inches. It is on the 
polar stereographie projection. Enlarged inset maps show detail of Deception Island, 
the South Shetlands, Greenwich Island, and Lockroy and Angamos Bays on Wiencke 


Island. 


New territorial divisions are shown in Geographia’s “New Map of the Dominions of 
India, Pakistan, including Burma and Ceylon.” (Geographia, Ltd., London, April, 1948.) 
The map is published on the seale 1: 5,250,000 and measures 28 by 36 inches. Political 
divisions are shown in contrasting colors. 


The Geology of New Zealand is shown on two maps issued in 1947 by the New Zealand 

Geological Survey. (Geological Map New Zealand North Island, and Geological Map New 
Zealand South Island.) Both maps were compiled by officers of the Geological Survey 
ranch of the Scientific and Industrial Research, N.Z.G.8S. A. W. Hampton was the 
“chief draughtsman” and the maps were printed in Wellington by E. V. Paul, Government 
Printer. The seale for both maps is 1: 1,013,760. The map of North Island measures 
344 by 25 inches, and that of South Island 314 by 26 inches. The various geological for- 
mations are indicated by 22 different color symbols. 


The “Physiographie Diagram of North America” is the latest in a series of such 
diagrams prepared by Prof. Armin K. Lobeck and published by The Geographical Press, 
Columbia University (1948). Designed primarily for classroom use, the physiographic 
diagrams are extensively used by more advanced students of geography and geology, as 
well as in strategie military planning. The physiographic technique, featured by Lobeck, 
Raisz, and others, gives a third dimension character to surface features, and suggests the 
nature of the rock formations underlying the land forms. As a further aid to general 
geologie and physiographic studies, the Diagram of North America includes three geo- 
logical sections, extending across Canada, the United States, and Mexico. 

The map has a seale of approximately 1: 12,000,000. It measures 363 by 224 inches, 
including the geological sections. On the verso, the “Physiographie Provinces of North 
America” are outlined on a map identical seale as the Diagram. 


Water W. Ristow 











Books in Review 


MAPPING FOR PLANNING: A Procedural Guide for the Classification 
and Mapping of Land Uses and Related Technical Studies. E. B. Wilkens, 
Publication Number 101, Public Administration Service, 1313 East 60th Street, 
Chicago 37, Illinois. 1948. 25 Pages. Illustrated. $1.50. 


Reviewed by Witsur H. Srwonson, Chief, Roadside Section, Dept. of Design, Publie 
Roads Administration. 


SIMPLE and consistent technique for mapping has long been needed by groups engaged 
d in land-use surveys or the revisions of zoning ordinances. This publication has a 
number of distinetive features. 


l. A reasonable classification of land uses into 25 categories. 

2. An alphabetical list of more than 1,500 classified land uses. 

3. Appropriate mapping colors for all categories with color numbers referenced for 
two well-known pencil brands. 

+. Additional color legends for land values; lot area per family; age of buildings; 
and tax delinquency of real property. 

5. Symbols and methods of applying color. 

6. A simplified set of 15 categories for small communities. 


Walter H. Blucher, Executive Director of the American Society of Planning Officials 
outlines the purpose of this publication in the Foreword. He states that: “It will be 
particularly useful to planning boards or other Governmental agencies about to undertake 
the work of assembling and preparing the basic data required for the development of a 
mapping plan.” 

Readers of SuRVEYING AND MAPPING may find of pertinent interest the following ex 
cerpt from the Foreword: 


“At the International Congress for Housing and Town Planning held in Ziirich, 
Switzerland, during the summer of 1948, an international committee was created for the 
purpose of establishing standards to be used in international exhibitions. The use of sym- 
bols and seales, varying from country to country, has long been a souree of confusion 
and misunderstanding, and it was felt desirable that a realistic effort should be made 
to reach something approaching uniformity of usage in such matters. 

“These difficulties, which appear in sharp relief at the international level, also exist 
at the national level. Here in the United States it is almost impossible to compare drawings 
prepared by different draftsmen or offices, not only because they may be of different 
scales, but because the symbols used are often as far apart as the poles. 

“Tt is not assumed that the publication of any book of symbols or a classification of 
land uses will result in uniformity or practice in the immediate future. We are not at all 
certain that absolute uniformity of symbols is desirable, and we are certain that conditions 
vary so much in different communities that descriptions and definitions of particular land 
uses must inevitably vary. We are convinced, however, that much good can come from 
a standardization of symbols for various types of land uses.” 


The author is Professor of Regional Planning at Rutgers University, and Director 


of Planning in Middlesex County, New Jersey. 
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The pages of SURVEYING AND MAPPING are open to a free and temperate discussion 
of all matters pertaining to the interests of the ConGress. It is the purpose of this De- 
partment to encourage comments on published material or the presentation of new ideas 
in an informal way. —EDITor. 


JUST WHERE ARE OUR INSTRUMENT MAKERS? 


J. L. Rannie.*—In the October-December 1948 number of SurvEyING AND 
MAPPING was an awakening article headed as above. Apart from a few details 
one must agree with everything said in that article. 

European optical theodolite designers have a head start of 25 years over 
United States designers and manufacturers. But United States (and Canadian) 
surveyors and engineers are quite as much to blame as the instrument makers. 
They are conservative and resist buying instruments embodying even the most 
elementary improvements which have appeared on European instruments for de- 
cades and which American manufacturers can offer; three-screw leveling bases 
and inverting telescopes are two examples. Perhaps the universities must share 
the blame. At any rate United States manufacturers are in business to make 
money, not entirely to educate United States surveyors and engineers. Maybe 
there are other factors—a desire to use only home-made instruments, on the 
notion that United States designs are necessarily better than those of any other 
country, ete. 

Most likely it is another case of a vicious circle. United States manufactur- 
ers cannot vet make optical theodolites on a mass production basis, and at a low 
price, because there is too small a home demand. Surveyors, engineers, and 
universities too seldom know of the available models from foreign sources and do 
not create the demand. 

Dr. Henry Wild has done more to advance the design of theodolites and levels 
than any other person. He is a most remarkable, if not a modest, old gentleman. 
He went to Zeiss early in the century, and they transformed his ideas into prac- 
tical designs. Then he started his own factory in Heerbrugg, Switzerland. More 
of an inventor than a business man apparently, he retired from the firm but it 
retained his name and designs. Now he and his son are associated with Kern and 
Company of Aarau, Switzerland, where still more revolutionary designs are on 
the market or are being developed. 

Other European designs, principally in England, by Cooke, Troughton and 
Simms, and Hilger and Watts have also been sold in their thousands, but the 
products of the original Wild firm seem to have held their own and are becoming 
a more serious competitor in price in the United States, where at last the firm 
has made repair and servicing facilities more easily available. This is essential 
to increased demand, although it is only recently that they have realized it and 
acted on it. 


Geodetie Survey of Canada, Ottawa, Canada. 
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Main factors in producing lighter instruments were the reduction of the length 
and weight of the telescope by the use of an internal focusing lens, and a tremen- 
dous decrease in the aperture ratio (ratio of the focal length of the objective to 
its aperture or diameter). They produced telescopes of 14-inch aperture with 
a length of only 5 inches, just as good or better, and tremendously lighter, than 
usual American telescopes of the same or lesser aperture and double or treble 
the length. Given the smaller, lighter telescope, the whole theodolite could be 
made lighter. 

Then with glass circies of 2- to 5-inch diameter, with which readings could be 
made more easily and quickly to 1 second than vernier instruments could be read 
to 1 minute, one has a combination of light weight, simplicity and speed of opera- 
tion, which cannot be approached by current United States designs. Due to 
European mass production prices are very reasonable, even in the face of heavy 
import duties. 

Mr. Riley’s comments on levels are very pertinent. United States engineers 
apparently buy their levels by the yard, apparently not realizing that European 
designs 10 inches long can do precise leveling, and for ordinary work a level 
telescope 6 inches long does as good work as the 15- to 18-inch levels they are 
accustomed to. 

United States manufacturers have to go a long way to equal the advance 
in European designs. Perhaps they can never equal them in price. European 
manufacturers put out their instruments in 100 to 500 batches. 

Do not be surprised if within a couple of years precision optical theodolites 
are on the market which will have telescopes with apertures of 3 inches and a 
physical length of only 6 inches; an astronomical universal theodolite of 4 inches 
telescope aperture will have a physical telescope length of only 7 inches. I have 
seen preliminary models. You can guess that these designs will again drastically 
reduce weight while retaining high accuracy and ease and speed of reading. 
And the above are only some of the developments. 


W. L. Eey.*—The following comments on the article by Mr. Thomas E. Riley, 
‘* Just Where Are Our Instrument Makers,’’ published in the October-December 
issue are respectfully submitted. 

While it is true that American instrument makers appear to be far behind 
those in Europe, this is largely due to the attitude of the purchasers of instru- 
ments. A very high percentage of surveying instruments are purchased on 
sealed bids, under rather elaborate and detailed specifications. 

In almost all cases the final purchase is based upon the lowest bid which 
meets the specifications. American manufacturers can add many of these modern 
developments, such as coincidence bubble reading prisms, ete., and would be glad 
to do so, but in order to get business they must be able to keep their prices to a 
minimum. 

When purchasing agents devise some means for buying quality, as represented 
by accuracy and convenient operation, then many of these developments will be 
rapidly forthcoming. 

The matter of detailed specifications is perhaps an even greater handicap to 

Licensed engineer and associated with Brunson Instrument Co., Ine., Kansas City, 


Mo. 
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a manufacturer who wants to make improvements. As far back as 20 years ago, 
one American manufacturer offered a line of transits with shorter telescopes and 
consequent reduction in size, weight, and wind resistance. Unfortunately, his 
bids were regularly rejected because specifications called for a minimum length 
of telescopes, and these new ones were too short. It was found necessary to re- 
design the instruments with a longer telescope in order to get business. 

Within the past 3 months one manufacturer has had his 18-inch dumpy level 
rejected because the telescope was too short. On another bid, transits were re- 
jected because the telescope was } inch shorter than minimum specified. 

Another feature mentioned by Mr. Riley is that of ballbearings. American 
instruments have been manufactured for over 10 years with ball-bearing centers. 
These have successfully passed all tests of accuracy and operation conditions. 
Specifications on surveying instruments in this country, however, still demand 
the old fashioned type of tapered bronze bearings. The ball-bearing instruments 
are repeatedly rejected on bids because they do not meet these 50-year old spec- 
ifications. 

It is again pointed out that when we can eliminate specifications which pro- 
hibit improvements or developments, the American instrument maker will be 
found offering products equal to or perhaps even better than those presently 
available. 





INFORMATION SOURCES FOR SURVEYORS AND MAPPERS 


I would like to draw attention to some omissions from the list of sources given 
in the article ‘‘Information Sources for Surveyors and Mappers,”’ in the July— 
December 1947 issue of SURVEYING AND MAppinG. These are: The Journal pub- 
lished by the combined institutes of Australia, The Australian Surveyor; and the 
Journal of the New Zealand Institute of Surveyors, The New Zealand Surveyor. 

—-S_ E. REILLY, Survey Office, Port Moresby, Papua. 
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Activities of Control Surveys 


As Chairman of the Technical Division on Control 
Congress on Surveying and Mapping | have appointed 
This Committee will study and revise 
The members of this Committee are as follows: 


Standards. 
surveys. 


R. M. WILSON, Geological Survey, Wash- 
ington, D. C., Chairman 

GEORGE H. DELL, Professor, Civil En 
gineering Department, University of II- 
linois, Urbana, Illinois 

VICTOR FLACH, U. S. 


Portland, Oregon 


Forest Service, 


ed 


Division 


Surveys of the American 
a Committee on Technical 
specifications for control 


F. W. HOUGH, U. 8S. Army Map Serviee, 
Washington, D. C. 


ERNEST PARKIN, Professor, Ohio State 


University, Columbus, Ohio 
LANSING G. SIMMONS, U. 8. Coast and 


Geodetic Survey, Washington, D. C. 


There is evidence that control surveys are of increased interest to private and 


commercial practitioners and that engineering surveys of all kinds are often con- 
nected to standard datums for determination of elevation and horizontal posi- 


tion. 


The standards that have been most frequently used in the past 15 years 
were defined by the Federal Board of Surveys and Maps. 


The Committee will 


review these standards and make recommendations to bring them up to date in 


method and application. 


It seems desirable to have the standards defined also 


from the viewpoint of the private or commercial practitioner as well as from the 


Federal point of view. 
Committee. 


It is expected that effective work will be done by this 


H. W. HemeLe 


Chairman 


NEW MEMBERS 


ABRAHAM, HERBERT M., 4411 First 
Place, N. E., Washington 11, D. C. 
ATHEY, H. E., County Engineer, Box 218, 


Wauneta, Nebr. 
BAILEY, A. DYCE, Civil 
Fourth St., Pekin, Tl. 
BARRETT, JOSIAH §8., Land Surveyor, 3 

Martins Lane, Nantucket, Mass, 
BASILE, ANTHONY S., Cartographer, 4602 
Hillside Rd., S. E., Washington, D. C. 


Engineer, 807 8. 


BECKMAN, FRANK L., Civil Engr., City 
Highways Division, 602 Municipal Bldg., 
Akron 8, Ohio. 


BELL, ROBERT L., 

BISHOP, FLOYD 
Pinedale, Wyo. 

BLASS, GEORGE, Land Surveyor, Baldwin, 
Mich. 

BONUS, EDWARD 
River, N. J. 


Surveyor, Sylvania, Ga. 


As, 


Civil Engr., Box 946, 


A., 20 Anne St., South 


BRANSFORD, T. L., 1776 W. Columbia 
St., Gainesville, Fla, 
BRIERLY, A. A., Inyo County Surveyor, 


Independence, Calif. 
BROOKHART, VIRGiL, White County Sur 
R. R. 4, Searey, Ark. 
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BROWN, LLOYD ARNOLD, 5902 Avyleshire 
Rd., Baltimore 12, Md. 

BURNS, JOSEPH G., Civil Engr., County 
Surveyor, Court House, Aledo, Ill. 

CANDELA, JOSEPH, Surveyor, 1530 Co 
lumbus Ave., Ashtabula, Ohio. 

CARNEO, CARLEY, Land Surveyor, James 
town, Russell Co., Ky. 


CASTILLO, CARLOS J., del, Quinta Elba, * 


San Bernardino, Av. La Estrella, Caracas, 
Venezuela. 

CHAUVIN, EMILE J., Geod. Engr., ¢/o 
I. A. G. S., Box 2031, Balboa Heights, 
Canal Zone, 

CHILDREE, LINNEY LEONIDAS, Civil 
Engr., Land Surveyor, Donalsonville, Ga. 

COGSWELL, A. R., P. O. Box 25, Jack 
sonville, Fla, 

COOK, MARSHALL M., Lt., U. S. N., 3 
Lansing Place, Boonville, N. Y. 

DROUGHT, F. T., Engineer & Land Sur 
veyor, 117 West Pecan St., San Antonio, 
Tex. 

FARISS, SAM L., Civil Engr., 1239 South 
Market St., Opelousas, La. 

FEINDT, MARY C., Civil Engr., Box 18, 
Charlevoix, Mich. 

FERGUSON, GEORGE R., III, Sigma Nu 
House, Louisiana State University, Baton 
Rouge, La. 

FITZPATRICK, HENRY VAUGHAN, Civil 
Engr., 807 Forsyth Building, Atlanta, Ga. 

FOSTER, JOHN H., Surveyor, 12 South 3rd 
St., Richmond 19, Va. 

GIERHART, JOHN W., Dept. of Geography, 
Lyman Hall, Syracuse University, Syra 
euse 10, N. Y. 

GRAHAM, A. D., Surveyor, Marion Co. 
Courthouse, Salem, Ore. 

GRANT, JOE, Land Surveyor, Socony Vac 
uum Oil Co., Apartado 246, Caracas, Vene 
zuela. 

HARDY, ROLLAND L., R. R. 3, Carthage, 
Il. 

HARWOOD, JOHN E., Engr., Dept of High 
ways, 1221 E. Broad St., Richmond 19, Va. 

HASELWOOD, ROBERT W., Modoe County 
Surveyor, Box 115, Alturas, Calif. 

HAWKINS, JOSEPH WASHBURN, Civil 
Engr. and Surveyor, 135 Rose Ave., Se 
bring, Fla. 

HICKS, JAMES D., Anne Arundel County 
Surveyor, Court House, Annapolis, Md. 


HOEKSTRA, H. C., Gen. v.d. Heydenlaan 7, 


Apeldoorn, Netherlands. 

HOWARD, JOHN E., Land Surveyor, R. 2 
Sebeka, Minn. 

HUFFMAN, ROY S&., Civil Engr., Land Sur 
veyor, Logan Hotel, Murphysboro, Ill. 
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IRVING, BEN B., Civil Engr., 906 Military 
St., Roseburg, Ore. 


JURAS, GEORGE B., Land Surveyor, 434 


Olive Ave., Apt. 7, Long Beach 12, Calif. 

KENT, ELMER J., Eldorado County Sur- 
veyor, Box 844, Placerville, Calif. 

KIMMICK, E. J., Civil Engr., Missouri 
School of Mines & Metallurgy, Rolla, Mo. 

KULKASEM, CHOOMPORN, Lt., Royal 
Survey Dept., Army of Siam, ¢/o F. I. 
Ortiz, Room 2814-B, U. 8S. Coast & Geo- 
detic Survey, Washington 25, D. C. 

LA VAN, ROY E., Major, The Engineer 
Board, Fort Belvoir, Va. 

LETZ, PAUL JOHN, Civil Engr. & Sur 
veyor, 626 North Parkerson Ave., Crowley, 
La. 

LOFREN, PAUL F., 1734 P St. N. W., 
Washington 6, D. C. 

LONG, RAYMOND V., Commissioner, Div. 
Planning & Econ. Development, 301 State 
Finance Building, Richmond, Va. 

LOVESER, GEORGE W., Land Surveyor, 
P. O. Box 452, Fernandina, Fla, 

LUTZ, VERNON C., Surveyor & Civil En- 
gineer, 4200 Elsrode Ave., Baltimore 14, 
Md. 

LYON, R. N., Jr., Surveyor, Hampton, Ark. 

MACK, JOSEPH H., Civil Engr., County 
Surveyor-Road Commissioner, 306 Civie 
Center, San Diego 1, Calif. 

MeCLELLAN, BERT G., Civil Engr., 1218 E. 
Victoria St., South Bend, Ind. 

McCRONE, JOHN ROY, JR., Civil Engineer 
& Surveyor, Towns-Worth Bldg., Annapolis, 
Md. 

McIVER, H. M., 1424 Wood St., Texarkana, 
Tex-Ark. 

MEISNER, JAMES F., Civil Engr., County 
Engineer, Court House, Marion, Kansas. 

MIKELS, JOHN VAN WINKEL, Surveyor, 
Seisdel 12, Apartado 1488, Caracas, Vene 
zuela, 

MILLER, HAROLD P., P. E., 2723 N. E. 
38th Ave., Portland 13, Ore. 

MILLER, IRA C., Surveyor, P. O. Box 343, 
Libby, Mont. 

MITCHELL, LEONARD B., Little River 
County Surveyor, Route 1, Ashdown, Ark. 

MOSES, SIDNEY, Land Surveyor, 252 Asy 
lum St., Hartford 3, Conn. 

ORRELL, K. P. M., ¢/o Arabian-American 
Oil Co., 200 Bush St., San Francisco, Calif. 

PFEIFER, RAYMOND &., Surveyor, 220 N. 
Monroe St., Baltimore 23, Md. 

RABITO, F. J., Box 2031, I.A.G.S., Balboa 
Heights, Canal Zone. 

REDMAN, CHARLES C., JR., Civil Engr., 
Dunklin County Surveyor & Engr., Ken 
nett, Mo. 
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RILEY, R. R., Abstractor 
30x 407, Jasper, Fla. 
SCOTT, HAROLD W., Civil Engr. & Sur 

veyor, Bainbridge Road, Solon, Ohio. 
SCOTT, ROBERT S8., Engineer & Surveyor, 
Peoples Bank Bldg., Alpena, Mich. 
SCOTT, WINFORD G., Civil Engr., Sanilac 
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Mich. 
SHARTLE, STANLEY M., Land Surveyor, 
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County Surveyor, 
Salem, Ind. 
SIMONSEN, OVE THISTED, 
Drostlevej 18, Copenhagen F, Denmark. 
SMALLWOOD, JAMES E., Scott County 
Surveyor, P.O. Box 372, Waldron, Ark. 
SMITH, THOMAS ALBERT, Civil 
Land Surveyor, 308 Oak St., Paw 
Mich. 


SNYDER, RALPH G., Surveyor, 313 N. 
Hamnonds Ferry Rd., Linthicum Heights, 
Md. 

SWARTZ, 
152, 


& Surveyor, P.O. 


Civil Engr., Washington 
204 E. Hackberry St., 


Geodesist, 


Engr., 
Paw, 


SIKKO, 
Monticello, 


County 
Ind. 


Surveyor, Box 
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SWIGART, SHERMAN T.., 
Surveyor, 307 Second 
Akron 8, Ohio. 

THIEME, REINHOLD W., Civil Engr., 
E. College Ave., State College, Penna. 

UDELL, NORRIS, Mariposa Co., Surveyor, 
P.O, Box 74, Mariposa, Calif. 

WALKER, GEORGE B., 
U. 8S. Geological Survey, 
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WESTBROOK, V. C., Amite 
veyor, Smithdale, Miss. 
WHELEN, JOHN L., Armed Forces Staff 
College, Norfolk 11, Va. 
WHITE, JAY R., JR., 
Three Rivers, Mich. 
WILSON, RAYMOND P., Civil Engr. and 
Surveyor, 46 Paterson St., New Brunswick, 
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WRAY, JAMES R., Geographer, 5118 Hanna 
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